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ABSTRACT 

Four consumptlve use methods presented by t h e  Uni ted Nations Food 

and A g r i c u l t u r a l  Organizat ion (FAO) (Doorenbos and P r u i t t ,  1977) and t h e  

Jensen-Haise, SCS-modified Blaney-Criddle, standard Penman and Wrlght- 

modi f ied Penman (Wright, 1982a) methods were compared us ing d a i l y  

weather data from t h e  USDA-ARS Snake River  Conservation Research Center 

a t  Kimberly, Idaho. The FAO-modified BLaney-Criddle (FAO-BC) method was 

selected as t h e  bes t  method f o r  es t imat ing  consumptlve use on a 

statewide basis, based on accuracy and responsiveness o f  t h e  equat ion 

and t h e  pr imary data requirement o f  a i r  temperature, only.  An 

add i t i ona l  b e n e f i t  o f  using t h e  s i n g l e  parameter FAO-BC method i s  t h a t  

it can be used as a mult iple-parameter method where measured values o f  

wind, humidi ty  and s o l a r  r a d i a t i o n  a r e  ava i lab le .  A t en  percent upward 

adjustment t o  FAO-BC est imates per 1000 meters e leva t i on  suggested by 

P r u i t t  (Doorenbos and P r u i t t ,  1977) was found t o  be necessary. 

Alfalfa/FAO-BC reference r a t i o s  developed us ing Kimberly data were found 

t o  be t r a n s f e r r a b l e  t o  o ther  ldaho s i t e s .  

NOAA weather s t a t i o n s  throughout idaho were o b j e c t i v e l y  ra ted  

according t o  t h e  degree o f  s t a t i o n  a r i d i t y  and environmental e f f e c t s  on 

a i r  temperatures. Mean monthly temperatures a t  each NOAA s i t e  were 

adjusted downward according t o  i h e  s t a t i o n  a r i d i t y  r a t i n g  and maximum 

a r i d i t y  e f f e c t s  repor ted  by A l l en  (1983) f o r  idaho. Monthly s t a t i s i i c s  

were computed f o r  consumptive use est imated f o r  98 weather s i t e s  i n  

ldaho us ing t h e  c a l i b r a t e d  FAO-BC w i t h  e leva t i on  c o r r e c t l o n  and 

al fal faIFA0-BC reference r a t i o s .  
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CHAPTER I 

INTRODUCTION 

Good est imates o f  consumptive use and i r r i g a t i o n  requirements by 

a g r i c u l t u r a l  crops are  important i n  planning, design and opera t ion  o f  

i r r i g a t l o n  and draSnage systems and f o r  eva lua t ion  and management o f  

hydro logic  systems. Decisions concerning s i z i n g  o f  reservoi rs ,  canals, 

p ipe l ines ,  pumping systems and farm a p p l i c a t i o n  systems r e q u i r e  

knowledge o f  t iming, volume and v a r i a t i o n  o f  i r r i g a t i o n  requirements. 

Knowledge o f  i r r i g a t i o n  requirements i s  necessary i n  choosing economic 

cropping patterns, f o r  operat ing farm a p p l i c a t i o n  systems e f f e c t i v e l y  

and f o r  es t imat ing  labor, c a p i t a l ,  and energy requirements and 

i r r i g a t i o n  e f f i c i e n c i e s .  

S ta te  and federa l  water resources agencies have need o f  i r r i g a t i o n  

requirements and consumptlve use est imates f o r  use i n  eva lua t ing  stream 

flow dep ie t lon  by c u r r e n t  and proposed i r r i g a t l o n  development and f o r  

rev!ew and l i t i g a t i o n  o f  water r i g h t s  app l i ca t i ons  and disputes. The 

Idaho Department o f  Water Resources i s  responsib le f o r  review and 

processing o f  i r r i g a t i o n  development proposals under -the Carey Act and 

the  Bureau o f  Land Management, USDI, i s  responsib le f o r  Desert Land Act  

i r r i g a t l o n  development. 

Knowledge o i  minimum leve l s  0 4  consumptive use are needed by 

designers o f  systems f o r  land a p p l i c a t i o n  o f  e f f l u e n t  from waste water 

treatment p lan ts  t o  prevent hydrau l ic  over loading o f  s o i l  systems. 



D e f i n i t i o n  qf I.erm 

Consumptive Use. (a). The amount o f  water t ransp i red  by an a c t i v e l y  

growing o r  photosynthesizing p l a n t  p lus  water evaporated from s o i l  and 

f o l i a g e  i n  the  area occupied by t h e  growing p lan t .  This term i s  

synonomous w i t h  evapotranspirat ion and i s  usua l ly  expressed i n  u n i t s  o f  

length per u n i i  o f  time. 

E f f e c t i v e  R a i n f a l l .  (ER). R a i n f a l l  which cont r ibu tes  toward meeting 

the  CU requirement o f  a crop. E f f e c t i v e  r a i n f a l l  includes t h a t  

p r e c i p i t a t i o n  which does nof  leave as sur face runo f f  nor cont r ibu tes  t o  

subsurface drainage. E f f e c t i v e  R a i n f a l l  i s  expressed i n  u n i t s  o f  length 

per u n i t  o f  time. 

Consumptive i r r i g a t i o n  Requirement. ( C I R ) .  The depth o f  i r r i g a t i o n  

water, exc lus ive  o f  within-season e f f e c t i v e  r a i n f a l l ,  requ i red  t o  meet 

the  CU requirement o f  a crop. This term may inc lude con t r i bu t i ons  from 

stored s o i l  moisture o r  groundwater and i s  expressed i n  u n i t s  o f  length 

per u n i t  o f  time. 

I r r i g a t i o n  E f f i c i ency .  ( I E ) .  The percentage o f  d i ve r ted  i r r i g a t i o n  

water t h a t  i s  stored i n  t h e  s o i l  and ava i l ab le  f o r  consumptive use by 

the  crop. This e f f i c i e n c y  re:,ects iosses due t o  canal and rese rvo i r  

seepage and evaporation, operat lacai  s p i l l s ,  p ipe leaks, wind d r i f t  from 

s p r i n k l e r  i r r i g a t e d  f l e l d s ,  excess o r  nonuniform irrigation app l i ca t i on  

and surface runo f f .  

I r r i g a t i o n  Requiremen?. I .  i ? *e  amount o f  water requ i red  t o  be 

d iver ted  t o  the  i r r i g a t i o n  system per u n i t  o f  t ime t o  meet the  



consumptive i r r i g a t i o n  requirement and leaching requirement.  The 

i r r i g a t i o n  requirement i s  c a l c u l a t e d  by d i v i d i n g  t h e  CiR l ess  car ryover  

s o i l  mo i s tu re  and groundwater c o n t r i b u t i o n  and p l u s  leaching requirement 

by t h e  i r r i g a t i o n  e f f i c i e n c y .  i r r i g a t i o n  requirement i s  expressed i n  

u n i t s  o f  length per u n i t  o f  t ime o r  u n i t s  o f  volume per  u n i t  area per  

u n i t  o f  t ime. 

Carryover S o i l  Moisture. (CM) .  Mo is tu re  s to red  i n  s o i i s  w i t h i n  r o o t i n g  

depths du r i ng  winter ,  a t  t imes when t h e  c rop  i s  dormant, o r  be fo re  t h e  

crop i s  p lanted.  Th is  mo is tu re  i s  a v a i l a b l e  t o  he lp  meet t h e  

consumptive use needs of t h e  crop and can be expressed i n  u n i t s  of  

length per u n l t  o f  t ime o r  u n i t s  o f  volume per  u n i t  area per  u n i t  o f  

t ime. 

Prev ious Studies 

The importance o f  consumptive i r r i g a t i o n  requirements f o r  ldaho has 

long bee!?apprec!ated. The ldaho Cod9 (1945,7969) s t a t e s  t h a t  no pe rm i t  

s h a l l  au tho r i ze  t h e  d i v e r s i o n  f o r  i r r i g a t i o n  purposes o f  more than 1 

second-foot f o r  each 50 acres o f  land, o r  more than 5 acre- fee t  o f  

s to red  water per ac re  per  annum, unless t h e  administrator f i n d s  a 

g rea te r  q u a n t i f y  t o  be necessary. One second-foot per  50 acres i s  

equ i va len t  t o  1.2 acre- fee t  per  acre per month. 

Bianey and C r i d d l e  (1950) presented a temperature-based method f o r  

determin ing consumptive use i n  i r r i g a t e d  areas which was used i n  ldaho 

t o  determine i r r i g a t l o n  requirements by Jensen and BIaney (1952). 

Later ,  t h e  S o i l  Conservat ion Serv ice  (1967a) published an i r r i g a t i o n  

guide f o r  southern and southeastern ldaho based on a mod i f ied  ve rs ion  of 



t h e  o r i g i n a l  Blaney-Criddle method. Su t te r  and Corey (1970) extended 

a p p l i c a t i o n  o f  t h e  SCS-modified Blaney-Criddle equat ion ( S o i l  

Conservation Service, 1%7b) t o  a l l  major a g r i c u l t u r a l  areas w i t h i n  

Idaho. Consumptive use and consumptive i r r i g a t i o n  requirements by crop 

were est imated f o r  42 weather s i t e s  i n  ldaho. The p u b l i c a t i o n  by Su t te r  

and Corey was publ ished as U n i v e r s i t y  o f  Idaho College o f  A g r i c u l t u r e  

B u l l e t i n  516. 

Jensen e t  a1 (1971) presented procedures f o r  es t imat ing  consumptlve 

requirements and i r r i g a t i o n  schedules us ing methods developed a t  t h e  

USDA Snake R iver  Conservation Research Center a t  Kimberly, ldaho. Work 

a t  Kimberly has included measurement o f  consumptive use w i t h  weighing 

Iysimeters, adapt ion o f  a combination-type method t o  est imate 

evapot ransp i ra t ion  and development o f  crop c o e f f i c i e n t s  f o r  southern 

ldaho crops. Research on consumptive use a t  Kimberly has been repor ted 

by Wright and Jensen (1972;1978), Jensen and Wright (19781, Wright 

(1979;1981a;1982a), and by Burman e t  a l  (1980). 

&a& fs Revise B u l l e t i n  51h 

I t  has been shown by Pe l ton  e t  a1 (1959) t h a t  mean a i r  temperature, 

as used i n  t h e  SCS-Blaney Cr idd le  method, may n o t  be a s u i t a b l e  

p r e d i c t o r  o f  evapotranspi rat ion by i t s e l f .  They s ta ted  t h a t  l i m i t e d  

success I n  a p p l i c a t i o n  o f  a temperature ET method necessi tated regional  

adjustment t o  e s t a b l i s h  a mutual c o r r e l a t i o n  between s o l a r  rad ia t i on ,  ET 

and a i r  temperature f o r  a p a r t i c u l a r  crop sur face w i t h i n  a p a r t i c u l a r  

locale, and i n  p a r t  t o  ad jus t  f o r  thermal lag and general advect ive 

cond i t ions .  P r u i t t  (1960; P r u i t t  and Jensen, 1955) found t h e  

Blaney-Criddle method t o  underestimate lys imeter  measurements o f  Ladino 



c love r  a t  Prosser, Washington unless a c a i i b r a t e d  v a r i a b l e  "KO f ac to r  

was used. 

I n  a comparison o f  consumptive use methods repor ted by Jensen 

(19741, t h e  SCS-modif led Blaney C r i d d l e  cons i s tan t l  y underestimated 

monthly consumptive use f o r  a l f a l f a  a t  ten  i n te rna t i ona l  s i t e s .  

Unoerestlmation was greates t  a t  a r i d  loca t ions .  The study concluded 

t h a t  the  Blaney-Crlddle method appears t o  r e q u i r e  local  o r  regional  

c o e f f i c i e n t s  t o  produce r e l i a b l e  r e s u l t s .  I t  should be noted t h a t  

comparisons o f  monthly consumptive use were made between t h e  

Blaney-Criddle w i t h  an a l f a l f a  hay c o e f f i c i e n t  and an a i f a l f a  reference 

(uncut a l f a l f a ) .  When adjustments a r e  made t o  t h e  a l f a l f a  reference t o  

r e f l e c t  t h ree  c u t t i n g s  o f  hay, t h e  d i f f e rence  between t h e  reference 

( l ys ime te r )  and Blaney-Criddle i s  reduced by about 50 percent. However, 

t h e  Blaney-Criddle does s t i l l  underestimate, even w i th  t h i s  co r rec t i on  

as i s  discussed i n  subsequent sec t ions  o f  t h i s  repor t .  Pennington 

(1980) compared t h e  SCS-modified Bianey-Criddle t o  lys imeter  

measurements o f  a l f a l f a  hay a t  seven s i t e s  i n  Nevada. Seasonal 

est imates by t h e  Blaney Cr idd le  averaged 30 percent low. 

Erpenbeck (1981; James and Erpenbeck, 1981) compared twenty-three 

consumptive use methods a t  Prosser, Washington against  lys imeter  and 

grav imet r ic  data. He found t h e  o r i g i n a l  Blaney-Criddle me'rhod t o  

average 16 percent  low and the  SCS-modified Blaney-Criddie t o  average 28 

percent low f o r  the  per iod 1954 through 1962. 

The SCS-modified Blaney-Criddie has been noted t o  underestimate 

consumptive use f o r  a l f a l f a  hay, w in te r  and spr ing  g r a i n  and corn a t  

Kimberly (Freeman e t  a l ,  1981). 



Because consumptive use estimates i n  Bul i e t i n  516 were ca lcu la ted 

using the  SCS-modified Blaney-Criddle, and because the  SCS-modifled 

Blaney-Criddle method has been found t o  underestimate consumptive use, 

t h i s  study was i n i t i a t e d  t o  evaluate recent  advances i n  consumptive use 

est imat ing procedures t o  determine i f  b e t t e r  procedures are ava i l ab le  

and t o  apply a selected and va l ida ted procedure t o  weather s ta t i ons  i n  

Idaho. 



CHAPTER I I 

ESTIMATING CONSUMPTIVE USE IN ARID ENVIRONMENTS 

P o t e n t i a l  ET, re fe rence  ET and pan evaporat ion a l i  represent  

standards on which crop ET can be based. These t h r e e  ET standards 

at tempt  t o  incorpora te  most c i i m a t i c  f a c t o r s  i n f l u e n c i n g  crop ET w i t h i n  

t h e  standard i t s e l f ,  thereby a l l ow ing  ET o f  s p e c i f i c  crops t o  be 

ca l cu la ted  by m u l t i p l y i n g  t h e  standard by  a c o e f f i c i e n t  r e f l e c t i n g  

physiological va r i a t i ons .  There i s  much d iscuss ion  i n  t h e  l i t e r a t u r e  

de f i n i ng  t h e  standards and d i c t a t i n g  t h e i r  use. 

P o t e n t i a l  E v a ~ o t r a n s p i r a t i o n  

Burman e t  a l  (1980) have def ined p o t e n t i a l  evapot ransp i ra t ion  as 

t h e  r a t e  a t  which water, i f  ava i lab le ,  wouid be removed From t h e  s o l !  

and p l a n t  surface. This  term i s  expressed as t h e  l a t e n t  hea t  t r a n s f e r  

per u n i t  area o r  i t s  equ i va len t  depth o f  water. Van Bavel (1966) noted 

t h a t  evapot ransp l ra t ion  I s  a t  p o t e n t i a !  on!y when t h e  vapor pressure a t  

t h e  evaporat ing sur face  i s  a t  t h e  s a t u r a t i o n  po !n t  and adequate m ix ing  

o f  a i r  e x l s t s .  

Because o f  t h e  d i f f i c u i t y  o f  a t t a i n i n g  and v e r i f y i n g  t r u e  p o t e n t i a l  

evapot ransp i ra t ton  i n  f i e l d  s tud ies,  Penman (1948) used c l i p p e d  grass t o  

represent  p o t e n t i a l  ET. Jensen (1974) represented p o t e n t i a l  ET w i t h  a 

well-watered a l f a l f a  crop 30 t o  50 crn t a l l  t o  p rov ide  adequate mix ing  o f  

a i r .  Doorenbos and P r u i t t  (1977) suggested us ing an ex tens ive  sur face 

o f  8 t o  15 cm t a l i  green grass cover t o  es t imate  p o t e n t i a l  ET, Because 



o f  ambigui t ies involved i n  i n t e r p r e t a t i o n  o f  the  concept o f  po ten t ia l  

evapotranspirat ion and c a l i b r a t i o n  o f  equations t o  est imate po ten t ia l  

ET, t he  term "reference evapotranspirat ion"  has been used instead. 

Reference . & v a ~ o t r a n s o i r a t i o n  

The use o f  the  term reference evapotranspirat ion t o  def ine a 

standard o r  po ten t ia l  against  which ET by crops can be compared has 

value I n  t h a t  ET by the  reference crop can be r e a d i l y  measured and 

dupl icated between locat ions  and c l imates f o r  local  c a l i b r a t i o n  o f  

reference ET methods. There has been debate, however, on what type o f  

crop t o  use as a reference. Doorenbos and P r u i t t  (1977) def ined 

reference ET as "the r a t e  o f  evapotranspirat ion from an extensive 

surface o f  8 t o  15 cm, green grass cover o f  uniform height, a c t i v e l y  

growing, completely shading tne  ground, and n o t  sho r t  o f  water." Jensen 

e t  a l  (1970) proposed t h a t  reference ET be def ined as " the  upper l i m i t  

o r  maximum evapotranspirat ion t h a t  occurs under g iven c l i m a t i c  

cond i t ions  w i t h  a f i e i d  having a weii-watered a g r i c u i t u r a l  crop w i th  an 

aerodynamically rough surface, such as a i f a l f a  w i th  30 t o  45 cm o f  t op  

growth." 

Erpenbeck (19803 l i s t e d  reasons f o r  se lec t i on  o f  a l f a l f a  as an Ei 

reierence, w i th  the  primary reascn acing t h a t  a i f a i i a  i s  more l i k e  other  

a g r i c u l t u r a l  crops than i s  grass. Since advect ion i s  a common 

occurrence i n  i r r i g a t e d  areas and i t s  a f f e c t  on ET depends on crop 

roughness, it i s  best  t o  use a reference w i th  a he ight  and roughness 

s i m i l a r  t o  most crops. A l f a l f a  provides s u f f i c i e n t  canopy th ickness t o  

absorb s o l a r  r a d i a t i o n  above the  ground sur face so t h a t  t he  measured 

reference ET i s  no t  inf luenced by s o i l  condi t ions.  A l f a l f a  a iso  has low 



leaf  res ls tance t o  water vapor d i f f u s i o n  and a la rge  r o o t  system, 

espec ia l l y  compared t o  grass, whlch minimizes t h e  e f f e c t s  o f  h igh  

c l i m a t i c  demands and decreasing s o i l  moisture on t h e  reference ET. 

Evapotranspi rat ion f o r  a g r i c u l t u r a l  crops i s  commonly computed w i t h  

e i t h e r  grass o r  a l f a l f a  references by m u l t i p l y i n g  t h e  reference by a 

simple c o e f f i c i e n t  which va r ies  w i t h  t ime according t o  crop type and 

growth stage. Crop c o e f f i c i e n t s  have been developed f o r  a grass 

reference by P r u i t t  (Doorenbos and P r u i t t ,  1977; Burman e t  a l ,  1980) a t  

Davis, Ca l i f o rn ia ,  and f o r  an a l f a l f a  reference by Wright (Wright, 1979; 

1981a; 1982a; Burman e t  a l ,  1980) a t  Kimberly, Idaho. 

Converslon o f  c o e f f i c i e n t s  from a grass reference t o  an a l f a l f a  

reference or  v i c e  versa i s  d i f f i c u l t ,  as no t r u e  l i n e a r i t y  between t h e  

references e x i s t s  w i t h  time, l oca t i on  and c l ima te  (Doorenbos and P r u i t t ,  

1977, p 45; Erpenbeck, 1980, p 104). 

One b e n e f i t  o f  basing crop c o e f f i c i e n t s  on a s p e c i f i c  reference i s  

t h a t  t h e  c o e f f i c i e n t s  a r e  made independent of t h e  type o f  method used t o  

est imate t h a t  reference. I n  o ther  words, a reference value can be 

measured o r  ca l cu la ted  w i t h  a temperature method, a combination method, 

a r a d i a t i o n  method, pan evaporation, o r  o ther  method, as long as t h e  

p a r t i c u l a r  method i s  c a l i b r a t e d  t o  accurate ly  p r e d i c t  t h e  reference crop 

selected. This premise was fo l lowed by Doorenbos and P r u i t t  (1977) by 

present ing fou r  d i f f e r e n t  methods t o  est imate reference ET w i t h  

s e l e c t i o n  o f  method based according t o  a v a i l a b l e  weather information. 

A1 I  methods use the  same s e t  o f  crop c o e f f i c i e n t s ,  



Use o f  an equation t o  est imate a l f a l f a  reference ET i s  useful  i n  

t h a t  e f f e c t s  by c u t t i n g s  can be ignored, thereby es t imat ing  ET by a 

healthy, r a p i d l y  growing a l f a l f a  stand throughout t h e  growing season. 

Pan evaporat ion has been used as an evapotranspirat ion standard f o r  

many years, espec ia l l y  i n  Washington and C a l i f o r n i a  ( P r u l t t  and Jensen, 

1955; P r u l t t ,  1956; 1960; 1 x 6 ) .  One hlnderence t o  t h e  widespread use 

of pan evaporat ion as an ET reference has been vary ing  e f f e c t  on 

evaporat ion brought about by pan :ype, s i z e  and shape and by s i t i n g  

e f f e c t s  I . . ,  bare ground vs. grass).  These e f f e c t s  have been 

quant i f ied,  however, and can be accounted f o r  using procedures o u t l i n e d  

by Doorenbos and P r u i t t  (1977) and discussed by Burman e t  a l  (1980) and 

Jensen ( 1  974). 

Pan evaporat ion has not  been ex tens ive ly  used I n  Idaho t o  est imate 

consumptive use due t o  the  shortage of pans w i t h i n  the  s t a t e  (National 

Oceanic and Atmospheric Administ rat ion (NOAA), 1982). 



CHAPTER 1 I I 

METHODS CONSIDERED FOR REVISION OF BULLETIN 516 

During 1982, 158 weather s t a t i o n s  throughout ldaho repor ted d a l l y  

weather measurements t o  t h e  Nat ionai  Oceanic and Atmospheric 

Admin is t ra t ion  (NOAA, 1982). O f  these 158, on ly  n!ne r e p o r t  pan 

evaporat ion and on ly  t h r e e  r e p o r t  rad ia t ion ,  humidi ty  and wind speed 

informat ion.  However, a i r  temperature and p r e c i p i t a t i o n  data were 

repor ted  by a l l  s ta t i ons .  

Lack o f  s o l a r  rad ia t i on ,  humidity and wind run  data a t  more than 

th ree  s i t e s  i n  ldaho precludes t h e  use o f  consumptive use methods 

r e q u i r i n g  t h i s  type o f  information, leaving on ly  temperature based 

methods as being app l icab le .  

Doorenbos and P r u i t t  (1977) presented a temperature based method 

(FAO-Blaney-Criddle) which i s  se ! f - ca l i b ra ted  according Po c i ima te  and 

e levat ion.  Coe f f i c i en ts  a r e  presented which a d j u s t  t h e  est imated 

consumptive use depending on t h e  average humidity, windspeed and 

r a d i a t i o n  o f  the  s i t e .  The average c l i m a t i c  values of minimum humidity, 

windspeed and r a d i a t i o n  used f o r  adjustment shouid be as representa t ive  

o f  t h e s i t e a s  possib le.  I f  no values are  avai lab le,  they can be 

est imated (Doorenbos and P r u i t t ,  1977). S e n s i t i v i f y  o f  t h e  

FAO-Blaney-Criddle (FAO-BC) t o  t h e  th ree  c l i m a t i c  parameters i s  

discussed i n  a subsequent sect ion.  

The SCS-modified Blaney Cr idd ie  (SCS-BC) and FAO-BC temperature 

methods were selected dur ing t h i s  study f o r  comparison w i t h  consumptive 



use measurements and est imates a t  four  s i t e s  i n  ldaho. The FA0 

rad la t i on ,  Penman and cor rec ted  Penman methods (Doorenbos and P r u i t t ,  

1977) were a l s o  compared t o  est imated ET a t  t h e  s i t e s .  

The SCS-BC and FA0 Blaney-Criddle, Radiation, Penman and cor rec ted  

Penman methods were evaluated us ing d a i l y  weather data from the  USDA-ARS 

research center  a t  Kimberly, ldaho (Twin F a l l s  WSO). The Kimberly s i t e  

was selected because o f  t h e  a v a i l a b i l i t y  o f  s o l a r  rad ia t i on ,  r e l a t i v e  

humidity (dew p o i n t  temperature) d a i l y  wind run, hou r l y  wind speed, and 

a i r  temperature data i n  an a g r i c u l t u r a l  s e t t i n g .  The Kimberly s i t e  a l s o  

includes two weighing lys imeters (Wr ight  and Jensen, 1978) and data from 

t h i s  s i t e  were used t o  develop a combination ET method (Wright, 1982a; 

Burman e t  a l ,  1980) which can be used t o  represent  t h e  lys imeter  

measurements (Jensen, 1974). The importance o f  using data from an 

i r r i ga ted ,  a g r i c u l t u r a l  s e t t i n g  was demonstrated by A l l e n  (1983) and i s  

discussed i n  f n i s  repor t .  

The adaquacy o f  method es t imat ion  a i  Kimberly was judged by how 

we l l  t h e  est imate compared t o  an a l f a l f a  reference as ca lcu la ted  using 

t h e  Penman-type combination method and a p p l i c a i i o n  procedure developed 

by Wright (1982a1, he rea f te r  re fe red  t o  as Wright-1982. The Wright-1982 

method was ca i  Ib ra ted  t o  dai I y I ysimeter measurements o f  

evapot ransp i ra t ion  by a l f a l f a  a t  Kimberly, ldaho by Wright, and has been 

used i n  many areas o f  t h e  world as p a r t  o f  t h e  USDA-ARS i r r i g a t i o n  

schedul ing program (Wright  and Jensen, 1978; Jensen and Wright, 1978). 

This combination equat ion includes a wind func t i on  o f  t h e  form (aw+bw 

( u ) )  where aw and bw a r e  coef f l c i e n t s  which vary w i th  t ime o f  season 



according t o  polynomial equations presented by Wright (1982a; Burman e t  

a l ,  1980). The term u i s  t h e  d a i l y  wind t r a v e l  (km/d) a t  2 meters. The 

Wright - 1982 method I s  described i n  d e t a i l  i n  Appendix A. 

Monthly and d a i l y  values o f  reference ET were ca i cu la ted  by seven 

d i f f e r e n t  ET methods using a m o d i f i c a t i o n  o f  t h e  Fo r t ran  computer 

program presented by Doorenbos and P r u i t t  (1977). This program, 

e n t i t l e d  FA024, includes es t lmat lng  procedures f o r  t h e  FA0 

Bianey-Crlddle (FAO-BC), FA0 Rad ia t ion  (FAO-RAO), FA0 Penman (FAO-PEN) 

FAO-corrected Penman (FAO-CPEN) and t h e  FA0 pan evaporat ion (FAO-PAN) 

methods as o r i g i n a l  l y  presented by Doorenbos and P r u i t t  (1977). 

Procedures f o r  est imat ing t h e  SCS mod i f ied  Blaney-Criddle (SCS, 1967b) 

were included i n t o  t h e  r o u t i n e  by Pennington (1980) a t  t h e  U n i v e r s i t y  o f  

Nevada, Reno. 

The FA024 r o u t i n e  was rev ised dur ing t h i s  study t o  inc lude 

procedures f o r  es t imat ing  reference ET using t h e  Jensen-Haise method 

(Jensen, 1974), t h e  Penman method as repor ted and appl ied by Jensen 

(1974) and t h e  Wright-1982 method. Revisions t o  t h e  r o u t i n e  dur ing  t h i s  

study a l s o  included mod i f i ca t i on  t o  a i l ow  c a i s u i a t i n g  t h e  FA0 

Blaney-Criddle us ing 1 )  d a i l y  values of humidity, wind, s o l a r  r a d l a t l o n  

and temperature; 2) monthly averages o f  humidity, wind, s o l a r  r a d i a t i o n  

and temperature; and 3 )  monthly values o f  humidity, wind, and s o l a r  

r a d i a t i o n  averaged over the  per iod  o f  weather record and monthly values 

o f  a i r  temperature. Other mod i f i ca t i ons  t o  t h e  FA024 program were 

incorpora t ion  o f  an e leva t i on  c o r r e c t l o n  f o r  the  FAO-BC cons i s t i ng  o f  a 

10% increase i n  the  ET est imate per 7000 meters above sea level  

(Doorenbos and P r u i t t ,  1977), c o r r e c t i o n  o f  the  equat ion f o r  c a l c u l a t i n g  

a i r  pressure, and c a l c u l a t i o n  o f  reference r a t i o s  f o r  each method. 



Reference r a t i o s ,  ca l cu la ted  as re ference ET est imated by Wrlght-1982 

d lv ided by reference ET est imated by t h e  o ther  methods, were used t o  

i nd i ca te  t h e  r e l a t i v e  goodness o f  f i t  o f  each method t o  Kimberly 

re fe rence ET. A b r i e f  description of  each consumptive use method 

included i n  t h e  FA024 program i s  Included i n  t h e  Appendix A o f  t h i s  

r e p o r t  . 

The FA024 program was operated using a four teen year per iod  o f  

weather from 1965-1978 c o l l e c t e d  a t  Kimberly. Reference ET f o r  a grass 

reference (ETo) was ca l cu la ted  w i t h  t h e  FA0 methods us ing both d a i l y  

data and monthly averages. Very small d i f fe rences were found between 

monthly values of ETo ca l cu la ted  w i t h  d a i l y  data and w i t h  monthly data 

f o r  a l l  four teen years as shown i n  Table I f o r  t h e  FAO-Blaney-Criddle 

method. Th is  r e s u l t  i s  s i g n i f i c a n t  i n  t h a t  t h e  FAO-BC method can be 

used t o  est imate monthly consumptive use f o r  weather s i t e s  throughout 

Idaho using monthly values o f  humidity, wind, s o i a r  r a d i a t i o n  and 

temperature, r a t h e r  than daf l  y values, w i th  very i i t t l e  e r ro r .  

Averaging o f  d a i l y  data has no e f f e c t  on t h e  monthly est imate due t o  

l i n e a r i t y  o f  t h e  FAO-BC method and l i n e a r i t y  of procedures f o r  

c a l c u l a t l n g  t h e  c o e f f i c i e n t s  used t o  a d j u s t  The FAO-BC est imate 

(Doorenbos and P r u i t t ,  1977). The percent d a y l l g h t  hours term used i n  

t h e  FAO-BC procedure i s  nonl inear;  however, t h e  e f f e c t  o f  averaging over 

a month has l i t t l e  e f f e c t .  The FAO-BC method i s  described I n  Appendix 

A. 

Monthly consumptive use a t  Kimberly was a l s o  computed us ing t h e  

FAO-BC w i t h  monthly mean a i r  temperature data, b u t  w i t h  monthly values 



Table  1.  Average monthly v a l u e s  of ETo c a l c u l a t e d  u s i n g  t h e  FAO-BC method 
w i t h  d a i l y  and monthly weather  d a t a  a t  Kimberly, 1966-1978. 

Grass r e f e r e n c e  ETo, mm/day 
A p r i l  May June J u l y  August September October 

Dai ly* 3.50 5.46 6.99 7.9'1 6.81 4.76 2.67 
Monthly** 3.52 5.44 6.94 7.93 6.81 4.73 2.63 

*Dai ly  v a l u e s  f o r  mean a i r  t empera tu re ,  s o l a r  r a d i a t i o n ,  daytime wind 
s p e e d ,  and r e l a t i v e  humidi ty ,  

**Monthly a v e r a g e s  o f  mean air  t e m p e r a t u r e ,  s o l a r  r a d i a t i o n ,  dayt ime wind 
s p e e d ,  and r e l a t i v e  humidity.  



f o r  humidity, wind and s o l a r  r a d i a t i o n  averaged over t h e  four teen year 

per iod  o f  record ( l ong  term). Th is  computation simulated a p p l i c a t i o n  o f  

t h e  FAO-BC t o  s l t e s  where on ly  long term averages o r  est lmates o f  

humldity, wind and s o l a r  r a d i a t i o n  are  ava i lab le .  Resul ts  a r e  included 

i n  Table 2. Table 2 a l s o  includes monthly averages f o r  ETo (grass),  ET, 

( a l f a l f a ) ,  and a l f a l f a  hay ET, and standard dev ia t ions  f o r  the  per iod  o f  

record as est imated by t h e  var lous equations. 

Table 2 shows t h a t  t h e  standard dev ia t ions  (measure o f  var iance) o f  

est imates by t h e  FAO-BC w i t h  short- term (monthly) weather a re  s i m i l a r  t o  

dev ia t ions  of ETr est imated us i  ng Wr ight-1982. However, standard 

dev ia t ions  o f  monthly est imates by t h e  FAO-BC using long-term (14 year 

average) monthly values f o r  humidity, windspeed and s o l a r  r a d i a t i o n  

(percent  sunshine hours) and actual  monthly mean a i r  temperature 

averaged about 60 percent  o f  those f o r  ETr est imates using Wright-1982. 

This  r e s u l t  i s  due t o  t h e  reduc t i on  o f  va r i ab les  i n  t h e  FAO-BC from 4 

(temperature, humidity, wind, s o l a r  r a d i a t i o n )  t o  1 ( temperature).  

inere fore ,  v a r i a t i o n  i n  t h e  est imates i s  l i k e l y  To be reduced, which i s  

t h e  case. However, mean values o f  consumptlve use are  unaf fected by 

averaging t h e  secondary weather parameters (humidity,  wind, s o l a r  

r a d i a t i o n )  due t o  l i n e a r i t y  o f  t h e  FAO-BC method. Reduction i n  var iance 

o f  est imates by t h e  long term FAO-BC i s  a l s o  shown i n  F igure  I. Each 

p o i n t  i n  t h i s  f i g u r e  represents t h e  monthly consumptive use est imate f o r  

one year o f  record. A more complete comparison o f  s t a t i s t i c s  generated 

from est imates using t h e  FAO-BC, SCS-BC and Wright-1982 methods and 

lys imeter  measurements o f  consumptive use has been described by A l l e n  

and Wright (1983). 

Standard dev ia t ions  o f  monthly a l f a l f a  ET est imated using t h e  



-- 
Table 2. Average monthly va lues of  ETo and ETr c a l c u l a t e d  us ing  FAD methods, 

Wright-1982, and t h e  SCS-Blaney-Criddle a t  Kimberly,  Idaho, 1965-78. 

A p r i l  May June Ju ly  August Sept. Oct. 
- - ----- 

Grass Reference ETo, mm/day 

FAO-BC Mean* 3.52 5.44 6.94 7.94 6.81 4.73 2.63 
s h o r t  term Std Dev .78 .80 .76 .39 .79 .62 .42 

FAO-BC Mean** 3.46 5.44 7.07 8.03 6.79 4.73 2.63 
long term Std Dev .38 .39 .30 .22 .40 .41 .23 

FAO-Radiation Mean 4.10 5.80 6.77 7.36 6.18 4.48 2.63 
Std Dev .76 .70 .67 .39 .64 .50 .31 

FAO-Penman Mean 4.55 5.86 6.62 6.89 5.99 4.57 2.98 
Std Dev .73 .55 .61 .33 .57 .44 .27 

FAO-Ct. Penman Mean 4.48 6.10 7.09 7.51 6.41 4.58 2.77 
Std Dev .76 -61 .65 .33 .58 .44 .28 

A l f a l f a  Reference ETr, mm/day 

Wright-1982 Mean 4.20 6.21 7.54 7.99 6.84 5.12 3.19 
Std Dev .70 .65 .75 .42 .69 .54 -31 

SCS-Blaney-Criddle a l  fa1 f a  hay ET, mm/day 

SCS-Blaney-Cr. Mean 1.62 3.13 4.79 5.82 4.79 2.85 1.42 
Std Dev .30 .39 .38 .29 -48 .39 .16 

Wright- ]  982 Mean 2.60 5.78 6.64 6.47 5.20 3.48 1.15 
Std Dev .43 .60 .66 .34 .52 .37 . I 1  

* Using monthly mean a i r  temperature and monthly mean minimum r e l a t i v e  
humidi ty,  daytime windspeed, and percen t  sunshine hours. 

** Using monthly mean a i r  temperature and long term (14 year )  average monthly 
r e l a t i v e  humidi ty,  daytime windspeed, and percen t  sunshine hours. 

FAO-BC c a l c u l a t i o n s  inc lude  a 10% upward adjustment per  1000 meters e l ev .  



SCS-modified Blaney-Criddle (SCS-BC) a re  s i m l l a r  t o  those estlmated 

using t h e  FAO-BC w i th  long-term secondary data (Table 2) .  This 

ind ica tes  t h a t  v a r i a t i o n  i n  monthly estimates o f  consumptive use by 

methods using temperature as t h e  on ly  va r iab le  i s  l i k e l y  t o  be 

underestimated. This phenomena must be recognized when c a l c u i a t i n g  

frequency analyses o f  consumptive use data i n  order  t o  ob ta in  meaningful 

and accurate resu l t s .  A l l e n  and Wright (1983) suggested m u l t l p i y l n g  

monthly standard dev ia t ions  o f  estimates ca lcu la ted using t h e  FAO-BC 

method w i th  long-term secondary data by 1.70, 1.64, 2.70, 2.22, 2.13, 

1.61 and 1.35 f o r  the  months A p r i l  through October, respect ive ly .  These 

multipliers were ca lcu ia ted by making comparisons w i t h  Iyslmeter 

measurements o f  f u l l - cove r  a l f a l f a  evapotranspirat ion a t  Kimberly, 

Idaho. Standard deviat ions o f  seasonal (Apri l -October) estimates using 

the  FAO-BC w l t h  long-term data should be m u l t i p l i e d  by 2.3. This value 

was ca lcu la ted  by d i v i d i n g  the  standard dev ia t i on  o f  seasonal ETr 

estlmated using the  FAO-BC w i t h  short- term secondary data (71 mm) by t h e  

standard dev ia t ion  o f  seasonal ETr estlmated using t h e  FAO-BC w i th  

long-term data secondary data (30 mm). The standard dev ia t i on  o f  

seasonal ETr estimated using Wright-1982 was 63 mm, which i s  probably 

about 15% low, based on monthly comparisons o f  standard dev ia t ions  made 

by A l l e n  and Wright (1983). 

As i s  shown i n  Tabie 2 and i n  F igure  I, t h e  SCS-BC c l e a r l y  

underestimates monthly consumptive use f o r  a l f a l f a  hay a t  Kimberly as 

compared t o  hay ET estimated by Wright-1982. A l f a l f a  hay ET as 

estimated by Wright-1982 i s  f o r  a well-watered, a c t i v e l y  growing, 

dlsease free, adequately f e r t i l i z e d  a l f a l f a  crop w l th  no lodging e f f e c t s  

(Wright, 1982b). 



The FA0 rad ia t i on ,  Penman and cor rec ted  Penman methods compare we l l  

w i t h  Wright-1982 a t  Kimberly (F igure  1 and Table 2).  Grass reference 

ETo should be about 85 percent o f  a l f a l f a  reference ETr f o r  FA0 

equations app l ied  a t  s i t e s  w i t h  c l imates s i m i l a r  t o  Kimberly (Doorenbos 

and P r u i t t ,  1977). Comparisons o f  the  FAG, SCS and Wright methods a t  

weather s i t e s  near Wilder, Aberdeen and Rexburg a r e  included i n  Appendix 

a. 

E l Q  Me&md CaI l b r a t l o n  

Reference r a t i o s  i n d i c a t i n g  t h e  averase r e l a t i v e  comparison of a 

p a r t i c u l a r  method t o  t h e  Wright-1982 method were ca lcu la ted  f o r  FAG 

methods by d i v i d i n g  ETr est imated using t h e  Wright-1982 method by ETo 

estimated using t h e  FA0 method. Monthly reference r a t i o s  were 

ca lcu la ted  as: 

where RRi i s  t h e  reference r a t i o  f o r  month i, ETri i s  t h e  ca lcu la ted  

a l f a l f a  reference f o r  month i using Wright-1982, and EToi i s  t h e  

ca l cu la ted  grass reference f o r  month I using an FA0 method. 

Reference r a t i o s  were ca lcu la ted  f o r  t h e  FAG Blaney-Crlddle, 

Radiation, Penman and corrected Penman methods. Calculated monthly 

reference r a t i o s  f o r  Kimberiy using i 4  years o f  data are  l i s t e d  i n  Table 

3. The r a t i o s  are  used t o  conver t  grass reference estimated -&& 

> p e c i f i c  L B O  method t o  an a l f a l f a  reference a t  Kimberly. These r a t i o s  

incorporate a ca l  i b r a t i o n  o f  t h e  FAO-method t o  Kimberly cond i t lons,  

besides a conversion from grass t o  a l f a l f a .  They should no t  be used t o  



Table  3. C a l o v l a t e d  a l f a l f a / g r a s s  r e f e r e n c e  r a t i o s  f o r  Fa0 methods a t  
Kimber ly ,  I d a h o ,  and p u b l i s h e d  a l f a l f a / g r a s s  r e f e r e n c e  r a t i o s .  

Refe rence  
R a t i o  l p ~ i l  May June j n l y  August Sep tember  o c t o b e r  

FAO-BC' 1.21 1.15 1.09 1.01 1 .00  1.09 1.22 
FAO-RE 1 .03  1.07 1.11 1.09 1.11 1.14 1.21 
FAO-PEN 0 .92  1 .06  1.14 1.16 1  1.19 1.01 
FAO-CPEN 0 .96  1  . O U  1 .09  1.08 1.08 1 .13  1.16 
a l f a l f a /  
&?as9** 1 .15  1 . 1 5  1 .15  1 .15  1.15 1 . 1 5  1 . 1 5  
a l f a l f a /  
graSS*.. 1.25 1.22 1.21 1.71 1 .21  1 . 2 3  1.27 

-- 
V a n - ~ l a n e ? - C r i d d l e  w i t h  a n  e l e v a t i o n  c o r r e c t i o n  o f  10% i n c r e a s e  ~ e r  

1000 m e t e r s  o r  e l e v a t i o n .  
*'from Table  23 ,  Doorenbos and P r u i t t  (19771 ,  f o r  a d r y  c l i m a t e  " i t h  

l i g h t  t o  modera te  wind. 
'..derived u s i n g  ETIEPBN r e l a t i o n s h i p s  f o r  Prosser, Washington,  and 

EToIEPIN r e l a t i o n s h i p s  f o r  Davis ,  C a l i f o r n i a .  ( ~ ~ y ~ n b ~ ~ k ,  1981) 

o . a l  I ,  I I I I ,  I I 
U P P I L  P l A Y  IL lNE JULY RUCUST 'EFT .  U C 7 .  

MONTH OF YEQR 

F l g u r e  1 .  G r a s s  r e f e r e n c e  E T  e i t i i n a t e d  u s i n g  F R O - O C  w i t h  m o n t h l y  and l o n g - t e r m  da ta  and e l e v a t i o n  
C o r r e c t i o n  a n d  a l f a l f a  reference E T  e s t i m a t e d  u s i n q  l i r i g h t  ( 1 9 R Z )  f o r  K i m b e r l y ,  1 9 6 5 - 7 R  



c o r r e c t  a  grass reference ca lcu la ted  by any method o the r  than t h e  

p a r t i c u l a r  FA0 method s ta ted  t o  an a l f a l f a  reference. Reference r a t i o s  

ca l cu la ted  f o r  t h e  FAO-BC were tes ted  aga lns t  data from th ree  o the r  

Idaho s i t e s  as discussed i n  a  subsequent sect ion.  

Included i n  Table 3 a re  a l f a i f a / g r a s s  reference r a t i o s  presented by 

Doorenbos and P r u l t t  (1977) and Erpenbeck (1981 ) .  Rat ios ca lcu la ted  by 

Erpenbeck average 7 percent  g rea ter  than those by Doorenbos and P r u i t t  

f o r  A p r i l  through October. This may be due t o  t h e  method used t o  

determine t h e  c o e f f l c l e n t s  and compl lcat lons due t o  using pan 

evaporat ion as a  common denominator between two d i f f e r e n t  s i t e s .  Rat ios 

ca lcu la ted  f o r  t h e  FA0 Radiation, Penman and cor rec ted  Penman approach 

1.15 f o r  t h e  months June through October. A p r i l  and May r a t i o s  a r e  low 

f o r  a l l  t h ree  methods I n d i c a t i n g  a  poss ib le  overest imat ion o f  grass 

reference ET by these methods f o r  those months. 

Reference r a t i o s  ca l cu la ted  f o r  t h e  FAO-Bianey-Criddle w i th  an 

e leva t i on  correction vary from month t o  month, decreasing from A p r i l  

through August and increasing from August through October. The r a t l o s  

o f  1.01 and 1.00 f o r  Ju l y  and August i n d i c a t e  overest imat ion o f  ETo by 

t h e  FAO-BC f o r  these months (grass ET should be 15% lower than a l  f a l  f a  

ET). The reason f o r  t h i s  overest imat ion i s  n o t  c lea r .  Year-to-year 

v a r i a t i o n s  o f  reference r a t i o s  f o r  t h e  FAO-BC a t  Kimberly a re  shown i n  

F igu re  2. Va r ia t i on  among years f o r  ea r l y  and l a t e  months i s  

considerable, indicating some i n s t a b i l i t y  o f  t h e  FAO-BC as compared t o  

Wright-1 982. 

Because t h e  FAO-BC method requ i res  on ly  monthly temperature data 

and long-term averages f o r  rad ia t ion ,  humidi ty  and wind data, and 



because the  FAO-BC method prov ides b e t t e r  est imates o f  reference ET a t  

Kimberly than o ther  temperature methods evaluated, t h i s  method was 

selected f o r  f u r t h e r  v e r i f i c a t i o n ,  c a l i b r a t i o n  and tes t i ng .  

Y e r i f  i c a t i o n  d tt@ EBa-BZ; Method fQf M 

The Wright-1982/FAO-BC re ference r a t i o s  ca lcu la ted  us ing Kimberly 

data were tes ted  f o r  extension t o  o ther  p a r t s  o f  ldaho us ing weather 

data co l  lec ted  by t h e  Bureau o f  Reclamation (USBR) dur ing  t h e  course o f  

i t s  i r r i g a t i o n  management se rv i ce  study (McVey, 1981) and by Ricks 

Col lege (Thomson, I981 ). Weather measurements included s o l a r  rad ia t ion ,  

minimum and maxlmum a i r  temperature, d a i l y  wind run  and dew p o i n t  

temperature a t  0800 hours f o r  s i t e s  a t  Wllder (1973-1980). Aberdeen 

(1978-1980) and Rexburg (1978-1980). These measurements allowed 

a p p l i c a t i o n  o f  Wright-1982, a mod i f ied  Penman combination ET method 

(Wright, 1982a), f o r  comparison w i t h  t h e  FAO-BC. A l l  wind data was 

measured a t  2 meters he igh t  and daytime windspeeds (7am - 7pm) were 

est imated i is ing day/n!ght wind r a t i o s  ca!culated f r m  hour l y  wind data 

f o r  Boise, Pocate l lo  and ldaho F a l l s .  Ca lcu la t i on  o f  wind r a t i o s  and 

daytime wind i s  discussed i n  a subsequent sect ion.  A summary o f  

secondary weather parameters f o r  these s t a t i o n s  i s  included i n  Appendix 

B, Table 8-5. 

Monthly reference r a t i o s  were ca lcu la ted  f o r  Wllder, Aberdeen and 

Rexburg by d l v i d i n g  t h e  a l f a l f a  reference estimated us ing Wright-1982 by 

t h e  grass reference estlmated us ing FAO-BC w i t h  an e leva t i on  cor rec t ion .  

Elevat ions a t  t h e  Wilder, Kimberly, Aberdeen and Rexburg weather s i t e s  

a r e  747, 1195, 1363 and 1481 meters, respect fu l  l y. Monthly reference 

r a t i o s  f o r  each year o f  weather data a r e  p l o t t e d  i n  f i gu res  3, 4 and 5 



f o r  Wilder, Aberdeen and Rexburg. The 14-year average monthly reference 

r a t i o s  ca l cu la ted  f o r  Kimberly a re  a l s o  p l o t t e d  i n  these f igures .  

Reference r a t i o s  ca l cu la ted  f o r  Wilder, Aberden and Rexburg fo l l ow  

t h e  14-year mean f o r  Kimberly f o r  each month and each s i t e  w i t h  t h e  

except ion o f  September and October a t  Wilder, where t h e  FAO-BC est imates 

h igher  r e l a t i v e  t o  Wright-1982 than a t  Kimberly. This may be due t o  

dewpolnt and a i r  temperatures recorded a t  t h e  Wilder s i t e  dur ing these 

months which were greater  than a t  Klmberly. The h igher  dewpoint would 

cause t h e  second term o f  Wright-1982 t o  es t imate  lower ET, wh i l e  t h e  

h igher  temperature would cause t h e  FAO-BC t o  est imate h igher  ET (see 

Appendix A, page 8).  The minimum r e l a t i v e  humidi ty  term used t o  a d j u s t  

t h e  FAO-BC would be unaffected, s ince t h e  h igher  a i r  temperture and 

h igher  dewpoint temperature would cancel each o ther  i n  c a l c u l a t i n g  t h e  

r e l a t i v e  humidi ty  value. However, t h e  h igher  a i r  temperature would 

r e s u l t  i n  a h igher  est imate by FAO-BC. Kimberly reference r a t i o s  f f t  

Wilder, Aberdeen and Rexburg very poo r l y  when t h e  e leva t i on  c o r r e c t i o n  

was no t  used. Figures show!ng comparisons w l thou i  t h e  e leva t i on  

c o r r e c t i o n  are  included I n  Appendix B. 

F igures 6, 7, 8  and 9 show monthiy a l f a l f a  reference ET ca lcu la ted  

f o r  Kimberly, Wilder, Aberdeen and Rexburg uslng t h e  FAO-BC and 

Wright-1982 methods. Grass reference ET esfimated by t h e  FAO-BC was 
0 

m u l t i p l i e d  by t h e  Kimberly FAO-BC reference r a t i o s  before being p l o t t e d  

i n  these f igures .  Monthly values o f  minimum r e l a t i v e  humidity, daytlme 

wind and s o l a r  r a d i a t i o n  were used i n  c a l c u l a t i n g  t h e  FAO-BC. Klmberly 

FAO-BC monthly reference r a t i o s  f o r  A p r i l  through October a re  1.21, 

1.14, 1.07, 1.01, 1.00, 1.08 and 1.22. A l f a l f a  reference ET est imated 

by t h e  FAO-BC w i t h  Kimberly reference r a t i o s  compares very wei1 w i t h  
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F i g u r e  5 .  Annual  m o n t h l y  WRIGHT-IYfiZlFAO-BC re fe rence  r a t i o s  c a l c u l a t e d  f o r  R ~ x b u r g ,  I d a h o .  197Y- l ( i80 
a n d  a v e i a q e  r e f e r e n c e  r a i l o i  f o r  K i m b e r l y .  



, 1 2 . 8  

4 RLFRLFR REFERENCE E T  
-n 

1 e . o  K I M B E R L Y  1365-78 

MONTH O F  YERR 

F i g u r e  6. H o n t h l y  a l f a l f a  r e f e r e n c e  e v a p o t r a n s p i r a t i o n  e s t i m a t e d  u s i n g  FAO-9C w i t h  K i m b e r l y  r e f e r e n c e  
r a t i o s  and e l e v a t i o n  c o r r e c t i o n  and u s i n g  WRIGHT-1982 f o r  K i m b e r l y ,  1965-1978.  

MONTH OF YERR 

f i g u r e  7. ~ o n t h l y  a l f a l f a  r e f e r e n c e  e v a p o t r a n s p i r a t i o n  e s t i m a t e d  u s i n g  FAO-BC w i t h  K i m b e r l y  r e f e r e n c e  
r a t i o s  and e l e v a t i o n  c o r r e c t i o n  and u s i n g  WlIGHi-1982 f o r  l1, lder .  1977-1930.  



RLFRLFR HEFEREHCE ET 
O W R I G H T - 1 7 6 2  

REERDEEN 1 9 7 8 - 8 0  
E 
E 

- 

O 3 l  z 1 I , I I I I I 
R P R l L  PiRY JUNE JUL',' RL iGL i rT  E E F l .  O P T .  

MONTH OF YERR 

F i g u r e  a .  M o n t h l y  a l f a l f a  r e f e r e n c e  c v a p o t r a n i p i i a t i o n  e s t i m a t e d  u s i n g  F40-6C w i t h  K i m b e r l y  r e f e r e n c e  
r a t i o s  and e l e v a t i o n  c o r r e c t i o n  and u s i n g  !WRIGHT-IGRZ f o r  Aberdeen.  1918-1980.  

RLFRLFR HEFEREHCE ET 
REXBURG 1 9 7 8 - 8 0  

MONTH OF YERE 



a l f a l f a  reference ET est imated by Wright-1982, w i t h  t h e  except ion o f  

September and October a t  Wi lder  and August a t  Rexburg. 

The FAO-BC w l t h  Klmberly FAO-BC/Wright-I982 reference r a t l o s  was 

a l s o  tes ted  us ing d a l l y  weather data measured a t  l r r i g a t e d  s i t e s  i n  t h e  

B e l l  Rapids Mutual and Grindstone Mutual l r r i g a t l o n  p r o j e c t s  (Al len,  

1983) dur ing  1981. These p ro jec ts  a re  located i n  t h e  Bruneau Plateau 

area south and east  o f  Gienns Ferry. h t h  weather s i t e s  were located 

over l r r i g a t e d  a l f a l f a .  However, a l f a l f a  a t  t h e  Grindstone s i t e  was 

ra i sed  f o r  seed production, and consequently received less  than opt imal 

i r r l g a t i o n  requ i red  f o r  normal hay product ion. 

F lgures 10 and I 1  a r e  graphs o f  ten-day running averages o f  

reference a l f a l f a  ET est imated f o r  t h e  B e l l  Rapids and Grindstone s i t e s  

using t h e  FAO-BC w l t h  Kimberly reference r a t i o s  and an e leva t i on  

correct lon,  and us ing Wright-1982. Estimates by t h e  two methods compare 

very wel l  f o r  t h e  B e l l  Rapids s i t e  (F igure  10) through t h e  e n t i r e  

season. The FAO-BC does est imate low, compared t o  Wright-1982, f o r  t h e  

Grindstone s i t e  dur ing  J u l y  and August. Th is  i s  mosi l i k e l y  due t o  

large-scale advect ive e f f e c t s  a t  t h e  Grindstone s l t e  dur ing  these months 

due t o  d ry ing  o f  t h e  a l f a l f a  seed crop and corresponding reduction o f  

actual  crop ET. D a i l y  a l f a l f a  reference EI ca lcu la ted  by Wrlght-1982 

and t h e  FAO-BC a r e  shown i n  F igure  12 f o r  B e l l  Rapids. The p rox im i t y  of 

d a i l y  FAO-BC est imates t o  Wright-1982 est imates i s  remarkable, 

consider ing it i s  suggested t h a t  t h e  FAO-BC on ly  be used t o  est imate 

consumptive use f o r  per iods o f  30 days o r  longer (Doorenbos and P r u l t t ,  

1977). The closeness o f  est imates i nd i ca tes  t h a t  t h e  FAO-BC i s  

s e n s l t l v e  t o  changes i n  temperature, wind humidi ty  and r a d i a t i o n  i n  much 

the  same manner as Wright-1982, even though t h e  FAO-BC i s  composed o f  
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Figure 10. Ten-day a v e r a g e  e i t i l n a t e i  o f  a l f a l f a  r e f e r e n c e  e v a p o t r a n s p i r a t i o n  u s i n g  FAO-BC w i t h  K i m b e r l y  
r e f e r e n c e  r a t i o s  and  a n  e l e v a t i o n  c o r r e c t i o n  and  u s i n g  WRIGHT-1982 a t  B e l l  Rapids Mutua l  
I r r i g a t i o n  P r o j e c t  during 1981 

I E N - D R Y  RVERRGE U L F R I F Q  REFERENCE ET 
GRINDSTONE 1981 

; I .  Ten-day d u e r a g e  i i l i m d Z e i  o f  a i f s l f a  reference  i . v d p o t r d r r s ~ i ~ ~ a l m  U ~ I ~ ( J  F A O - S C  w i t h  X i m b r r l )  
r e f e r e n c e  r a t l o i  ; ~ n d  an  ? l e v a t i n n  c n r r e c t i o n  a n d  d i i c o  ilPiGilT-l?:'Z ai  G r i n d s t o n e  % l i e  
Yu tua l  : r r ~ q d t > o n  P r o i r c t  d u r i n q  1 % :  
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r e f e r e n c e  r a t i o s .  



mostly l i n e a r  r e l a t i o n s h i p s  and t h e  Wright-1982 method includes many 

nonl inear  r e l a t i o n s h i p s  (Appendix A ) .  The comparison i n  F igu re  12 may 

be completely f o r t u t i t o u s .  However, it does i nd i ca te  t h a t  t h e  FAO-BC 

w i th  e leva t i on  c o r r e c t i o n  and Kimberly reference r a t i o s  cou ld  be used t o  

schedule i r r i g a t i o n s  i n  t h e  B e l l  Rapids area, prov ided d a i l y  

measurements o f  temperature and &jJy measuremeni-s o f  humidity, wind and 

s o l a r  r a d i a t i o n  are  ava i lab le .  S im i l a r  comparisons between d a i l y  

a l f a l f a  reference est imates us ing t h e  FAO-BC and Wright-1982 methods f o r  

Talmage, ldaho (e leva t i on  1700 meters) I nd i ca te  a  s i m i l a r  goodness o f  

f i t  and sensitivity between methods ( A l i e n  and Brockway, 1982; 1983). 

The FAO-BC apparent ly i s  n o t  as s e n s i t i v e  t o  pronounced advect ion 

( l a r g e  vapor pressure d e f i c i t s  and h igh temperatures o f  a i r  masses 

moving i n  from outs ide  t h e  i r r i g a t e d  areas) as i s  Wright-1982 (F igure  

1 1 ) .  Th is  advect ion occurred due t o  t h e  prox imi ty  o f  t h e  a l f a l f a  s i t e  

t o  the  p r o j e c t  boundary (400 meters i n  an upwind d i r e c t i o n )  and lack o f  

ET by t h e  dry ing  seed crop upwind o f  t h e  s l t e  t o  b r l n g  t h e  advect lve a l r  

mass i n t o  e q u i l i b r i u m  w i t h  surrounding i r r i g a t e d  f i e ! d s .  This 

i n s e n s i t i v i t y  o f  t h e  FAO-BC t o  severe advect lon (o r  extreme evaporat ive 

demands) experienced a t  t h e  Grlndstone s i t e  would r a r e l y  be experienced 

a t  weather s i t e s  s i t ua ted  over wel I-watered a l f a l f a  o r  grass w i t h  a t  

l e a s t  100 meters o f  i r r i g a t e d  f e t c h  i n  an upwind d i rec t i on .  

I n  summary, t h e  FAO-BC method w i th  Kimberly FAO-BC/Wright-1982 

reference r a t i o s  and an e leva t i on  c o r r e c i i o n  of + I 0  percent per 1000 

meters performs very wel l  using weather data from 6 s i t e s  i n  southern 

ldaho as compared t o  Wright-1982. I t  provides good est imates o f  

reference ET on a  10-day or  30-day bas is  and should prov ide  improved 

est imates o f  monthly consumptive use f o r  temperature s t a t i o n s  throughout 



Idaho, provided good estimates of  average minimum relative humidity, day 

tlme wlnd speed and solar radiation are available. 



CHAPTER i V  

APPLICATION OF THE FAO-BLANEY-CRIDDLE METHOD TO IDAHO 

A p p l i c a t i o n  o f  t h e  FAO-Blaney-Crlddie (FAO-BC) method f o r  

e s t i m a t i n g  consumptive use requ i res  monthly averages o f  mean d a i l y  a i r  

temperature and general est imates o r  measurements o f  humidi ty,  sunshine 

and wlnd. Use o f  humidi ty,  sunshine ( r a d i a t i o n )  and wind est imates, 

termed secondary weather parameters, p rov ides  an improved prediction o f  

t h e  e f f e c t  o f  c l i m a t e  on evapo t ransp i ra t i on  (Doorenbos and P r u f t t ,  

1977). The bas i c  form o f  t h e  FAO-BC I s  t h e  f o i  lowing: 

where: 
ET = grass re fe rence  evapot ransp i ra t ion ,  mdday  

0 
T = mean da l  l  y temperature i n  OC over  t h e  month cons1 dered 
P = mean d a l l y  percentage o f  t o t a l  annuai daytime hours 

ob ta ined  from Table 1 o f  appendix B f o r  a g i ven  month 
and l a t i t u d e  

a = i n t e r c e p t  t o  a d j u s t  est imates based on minimum r e l a t i v e  
humid l t y  (RHMIN) and r a t i o  o f  ac tua l  sunshine hours t o  
p o s s i b l e  (NRATIO) 

a = 0.0043 (RHMIN) - NRATiO -7.41 
b = multiplier t o  a d j u s t  est imates based on mlnimum r e l a t i v e  

humid i t y  (RHMIN), r a t i o  o f  actua!  sunshine hours t o  
poss ib l e  (NRATIO) and mean daytime (7am-7pm) wind 
kpeed i n  m/sec (UDAY) 

Elev = e l e v a t i o n  o f  s t a t i o n  i n  meters. 

t e d  The b c o e f f i c i e n t  i n  equa t ion  2 can be i n t e r p o l a  from t a b l e s  

presented by Doorenbos and P r u l t t  (1977). The e f f e c t s  o i  t h e  secondary 

parameters, minimum r e l a t i v e  humid i ty ,  r a t i o  o f  ac tua l  sunshine hours 

and daytime wlnd speed, on adjustment o f  re fe rence  ET est imated by t h e  

FAO-BC i s  shown i n  F i g u r e  A-1 o f  Appendix A. The E l  re fe rence  by t h e  



FAO-BC i s  s e n s i t i v e  t o  est imated o r  measured values o f  t h e  t h r e e  

secondary parameters. Also, t h e  use o f  long term monthly averages f o r  

secondary parameters r a t h e r  than measurements f o r  s p e c i f i c  years does 

decrease the  year-to-year v a r i a t i o n  (standard dev ia t i on )  o f  t h e  

estimates. This decrease was discussed i n  Chapter 3 and presented i n  

Table 2 and F igure  1.  

Ava I lab I l i t v  o t  Secondarx Weather Parameters 

Measurement o f  t h e  secondary weather parameters, minimum d a i l y  

humidity, daytime wind speed, and r a t i o  o f  actual  sunshine hours ( s o l a r  

r a d i a t i o n ) ,  a re  a v a i l a b l e  f o r  on ly  l i m i t e d  s i t e s  i n  ldaho and f o r  

vary ing per iods o f  time. Because est imates o f  consumptive use are  

desired f o r  many areas where on ly  a i r  temperature and p r e c i p i t a t i o n  are  

measured, ava l l ab le  long-term measurements o f  secondary weather 

parameters must be extended t o  surrounding temperature s t a t i o n s  t o  

enable use o f  the  FAO-BC. 

The major sources o f  secondary weather data used dur ing  t h i s  study 

t o  c a l c u l a t e  the  a and b c o e f f i c i e n t s  used w i t h  t h e  FAO-BC inc lude the  

C l imato log ica l  Handbook f o r  Columbia Basin States - Volume 3 ( P a c i f i c  

Northwest R iver  Basins Commission, 1%8), and s o l a r  r a d i a t i o n  s tud ies  by 

Sat te r lund and Means (1978). Weather data from these sources were 

compared w i t h  hour ly  wind data f o r  Kimberly, ldaho (Wright, 1981a) and 

hour ly  SOLMET data f o r  Boise and Pocate l lo  (NOAA, 1978). 

The P a c i f i c  Northwest R iver  Basins bmmission (PNWRBC) repo r t s  

inc lude hour ly  data f o r  r e l a t i v e  humidi ty  and wind f o r  t en  s t a t i o n s  i n  

Idaho. These s t a t i o n s  and per iod  o f  record f o r  each s t a t i o n  a r e  l i s t e d  



i n  Table 4. Data presented by t h e  PNWRBC includes hour ly  frequency 

analyses o f  r e l a t i v e  humldity, windspeed and direction, a i r  temperature, 

sky cover, dewpoint temperature, c loud c e i l i n g  heights and 

p r e c i p i t a t i o n .  Actual measurements o f  g loba l  s o l a r  r a d i a t i o n  ( t o t a l  

sky) were n o t  reported. 

Sat te r lund and Means (1978;1979) used a s o l a r  r a d i a t i o n  model t o  

est imate g lobal  s o l a r  r a d i a t i o n  throughout t h e  P a c i f i c  Northwest region. 

Monthly r a d i a t i o n  est imates repor ted f o r  i h e  ten  s t a t i o n s  I l s t e d  i n  

Table 4 were taken from t h e  1979 repor t .  Values compare we l l  w i t h  USDA 

s o l a r  r a d i a t l o n  data a t  Kimberly and s o l a r  data from SOLMET. 

The SOLMET data cons is ts  o f  hour ly  weather measurements recorded 

f o r  Boise. Pocate l lo  and Lewiston, Idaho dur ing  t h e  per iod  1952 - 1976. 

This  data was made a v a i l a b l e  by NOAA on magnetic tape. 

Ca lcu la t i on  and Comparison o t  Secondary D.a.h 

Mean monthly minimum r e l a t i v e  humidity f o r  each secondary s t a t i o n  

was excerpted from frequency analyses presented i n  t h e  PNRBC repo r t s  by 

m u l t i p l y i n g  bracketed humidi ty  l eve l s  by t h e  p r o b a b i l i t y  of occurrence 

repor ted  f o r  each bracket. The minimum hour ly  sum o f  t h e  products 

ca l cu la ted  was selected as t h e  minimum r e l a t i v e  humiai ty  f o r  t h e  month 

and s t a t i o n .  The minimum usua l ly  occurred between 1500 and 1600 hours. 

Daytime and n igh t t ime windspeeds were ca icu ia ted  i n  t h e  same manner 

as r e l a t i v e  humidity. Bracketted wind speeds were multiplied by t h e  

p r o b a b i l i t y  o f  occurrence repor ted f o r  each bracket. Products obtained 

were summed f o r  each hour and recorded. Daytime wlndspeeds (UDAY) were 

ca l cu la ted  by averaging hour ly  windspeeds between 0700 and 1900 hours. 



Table  4 .  Loca t ion  and p e r i o d  of r e c o r d  f o r  secondary 
weather  parameters  used i n  FAO-BC. 

S t a t i o n  P e r i o d  of r e c o r d  

1 Coeur D' Alene 1948-1953 
2 Lewis ton FAA AP 1949-1958 
3 Boise  WSO AP 1949-1958 
4 Mountain Home AF 1951-1961 
5 Gooding A i r p o r t  1949-1954 
6 Bur ley FAA AP 1948-1954 
7 Malad 1948-1953 
8 P o c a t e l l o  WSO AP 1949-1958 
9 Idaho F a l l s  FAA AP 1948-1954 

10 Dubois Experiment S t a t i o n  1948-1954 



Night t ime wind speeds (UNITE) were ca l cu la ted  by averaging hou r l y  wind 

speeds between 1900 and 0700 hours. A day/night wind r a t i o  (URATIO) was 

ca lcu la ted  f o r  each month and s i t e  as: URATIO = UDAY/UNITE. 

Mean monthly mlnimum r e l a t i v e  humidi ty  and daytime wind speeds and 

day/night wind r a t i o s  f o r  Pocate l lo  and Bolse were a l s o  ca lcu la ted  us lng 

hour ly  data from t h e  SOLMET tapes f o r  t h e  per iod  1952-1976. Values f o r  

SOLMET humidi ty  and wlnd agreed we l l  w i t h  t h e  data from t h e  PNWRBC 

reports,  thereby v e r i f y i n g  r e l i a b i l i t y  o f  t h e  PNWRBC data. Data from 

t h e  two sources were from d i f f e r e n t  per iods o f  l ime.  S i m i l a r i t y  o f  data 

from t h e  two sources Indicates t h a t  t h e  PNWRBC data should be 

representa t ive  o f  average c l i m a t i c  weather cond i t i ons  a t  t h e  ten  weather 

s i  t e s  reported. 

F igures 13 and 14 inc lude mean monthly minimum r e l a t i v e  humidity a t  

Boise and Poca te l l o  from t h e  PNWRBC and SOLMET sources. Also p l o t t e d  i n  

each f i g u r e  are  14-year mean monthly values o f  mlnlmum r e l a t i v e  humidi ty  

a t  Kimberly. Humidity a t  Kimberly i s  s i m i l a r  t o  t h e  a i r p o r t  s i t e s  a t  

Boise and Poca te l l o  ea r l y  and l a t e  i n  t h e  growing season when 

p r e c i p i t a t i o n  i s  greatest .  During June, July, August and September, 

however, r e l a t i v e  humidi ty  a t  t h e  a i r p o r t  s i t e s  I s  7 t o  10 percent lower 

than a t  t h e  i r r i ga ted ,  a g r i c u l t u r a l  s i t e  a t  Klmberly, For t h i s  reason 

long term mlnimum r e l a t i v e  humidity a t  a i  i secondary weather s t a t i o n s  

was 1 imi ted t o  above 30% i n  t h e  consumplive use es t ima t i  ng program, 

based on data a t  Kimberly. Reasons necess i i a t i ng  This adjusfment a r e  

dlscussed i n  more d e t a i l  by A l l en  (19821 and A l l e n  e t  a l  (1983). 

Mean monthly wlnd speeds f o r  24-hour and daytime (7am - 7pm) 

per iods are  presented i n  Tables 5 and 6 f o r  Boise and Pocate l io  from 
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SOLMET and PNWRBC sources and f o r  t h e  Kimberly USDA-ARS s i t e .  Wind 

means from t h e  SOLMET source a r e  a l s o  presented f o r  t h e  per iod  from 1965 

- 1976 f o r  comparison w i t h  t h e  1965 - 1978 per iod  a t  Kimberly. Wind 

speeds from the  SOLMET source compare we l l  w i t h  t h e  PNWRBC data as shown 

i n  F igures 15 and 16. 

The a i r p o r t  24-hour wind speeds ( b i s e  and Poca te l l o )  exceed those 

a t  Kimberly dur lng  June, July, August and September. Lower 24-hour 

winds a t  Kimberly may r e s u l t  from a g r i c u l t u r a l  crop cover and lower mass 

t r a n s p o r t  o f  a i r  caused by less warming o f  t h e  ground sur face dur ing 

d a y l i g h t  hours and less coo l i ng  o f  t h e  sur face a t  n i g h t  due t o  t h e  

e f f e c t  o f  i r r i g a t i o n .  

Daytime wind speed a t  Kimberly I s  s i m i l a r  t o  wlnd speed a t  Boise 

(F igure  17) f o r  a l l  months, due t o  h igher  day/night wlnd r a t i o s  a t  

Kimberly dur ing  t h e  summer months (Table 7 ) .  Day/night wind r a t i o s  a t  

Kimberly do no t  exceed r a t i o s  a t  Poca te l l o  as much as they do Bolse. 

Consequently daytime wlnd speeds ca l cu la ted  a t  Pocate l lo  exceed those a t  

Kimberly dur ing  June, Ju l y  and August as shown i n  F igure  18. 

Secondary parameters ca lcu la ted  f o r  t h e  ten  Idaho s t a t i o n s  repor ted 

by t h e  PNWRBC (1968) and Sat te r lund and Means (1978) a re  l i s t e d  i n  Table 

8  along w i t h  parameters ca l cu la ted  f o r  t h e  USDA s t a t i o n  a t  Kimberly. 

Oay/nlght wind r a t i o s  a t  a l l  s i t e s  i n  Table 8 a r e  less than t h e  2.0 

d e f a u l t  value suggested by Doorenbos and P r u i t t  (1977). The NRATIO 

values i n  Table 8, def ined as t h e  r a t i o  o f  actual  sunshine hours t o  

poss ib le  sunshine hours, were ca l cu la ted  from t h e  Sat tu r land and Means 

data using r e l a t i o n s h i p s  presented by Doorenbos and P r u i t t  (1977). 

Clear sky s o l a r  r a d i a t i o n  est imated using t h e  Doorenbos and P r u l t t  



Table 5. Mean monthly 24-hour wind speed a t  Boise, Pocate l lo  and 
Kimberly from SOLMET, PNWRBC and USDA sources. 

24-Hour mean monthly wind (m/sec) 

BOISE BOISE BOISE POCATELLO POCATELLO POCATELLO KIMBERLY 
SOLMET SOLMET PNWRBC SOLMET SOLMET PNWRBC USDA 
1952-76 1965-76 1949-58 1952-76 1965-76 1949-58 1965-78 

APR 3.76 3.91 3.35 4.44 
MAY 3.47 3.58 3.08 3.95 
JUNE 3.36 3.37 3.10 3.88 
JULY 3.05 3.13 2.80 3.45 
AUG 2.99 3.17 2.62 3.40 
SEPT 2.95 3.05 2.67 3.44 
OCT 3.06 3.04 3.08 3.45 

Table 6. Mean monthly daytime wind speed fo r  Boise, Pocate l lo  and 
Kimberly from SOLMET, PNWRBC and USDA sources. 

Daytime mean monthly wind (7-7) (m/sec) 

BOISE BOISE BOISE POCATELLO POCATELLO POCATELLO KIMBERLY 
SOLMET SOLMET PNWRBC SOLMET SOLMET PNWRBC USDA 
1952-76 1965-76 1949-58 1952-76 1965-76 1949-58 1965-78 

APR 4.18 4.42 3.60 5.14 4.81 4.40 4.70 
MAY 3.96 4.07 3.40 4.61 4.41 4.00 4 -00 
JUNE 3.82 3.87 3.50 4.60 4.30 4.30 3.60 
JULY 3.50 3.56 3.10 4.14 3.73 3.80 2.80 
AUG 3.33 3.43 2.90 4.04 3.67 3.40 2.80 
SEPT 3.18 3.28 2.80 3.99 3.80 3.30 3.iO 
OCT 3.15 3.20 3.10 3.89 3.67 3.50 3.30 
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Figure 1 5 .  Twenty - four  hour w ind  speeds c a l c u l a t e d  f r o m  SOLMET, PNWRBC and  USOA sources f a r  Boise a n d  
Kl rnber l y ,  I d a h o .  
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f i g u r e  1 6  Twenty-four wind s p e e d s  c a l r u l a t e r l  f r o m  I O L M E T .  PNWRBC a n d  IlSDA sources  f o r  P o c a t e l l n  and 
Y m b w l y .  Idaho.  
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and K i m b e r l y .  I d a h o .  



Table  7. Mean monthly day /n igh t  wind r a t i o s  f o r  B o i s e ,  P o c a t e l l o  and 
Kimberly from SOLMET, PNWRBC and USDA s o u r c e s .  

BOISE 
SOLMET 
1952-76 

APR 1.25 
MAY 1.33 
J U N  1.32 
JUL 1.35 
AUG 1.26 
SEP 1.17 
OCT 1.06 

Day/Night mean monthly wind r a t i o s  

BOISE BOISE POCATELLO POCATELLO 
SOLMET PNWRBC SOLMET SOLMET 
1965-76 1949-58 1952-76 1965-76 

POCATELLO 
PNWRBC 

1949-58 

1.43 
1.39 
1.52 
1.51 
1.38 
1.27 
1.21 

KIMBERLY 
USDA 

1965-78 

1.63 
1.56 
1.65 
1.73 
1 .89 
1.63 
1.63 



Table  8. Secondary wea the r  pa ramete r s  c a l c u l a t e d  from PNWRBC 
r e p o r t  and from USDA d a t a  a t  Kimberly. 

Parameter  March 

n r a t i o  .45 
min.RH ( $ )  64. 
daywind ( i d s )  3.3 
D/N r a t i o  1 .24 
s o l a r  (mm/d) 4.64 

n r a t i o  .47 
min.RH ( 8 )  48. 
daywind (m/s) 2.4 
D/N r a t i o  1.35 
s o l a r  (mm/d) 4.85 

n r a t i o  .60 
min.RH ($1 47. 
daywind (m/s) 3.7 
D/N r a t i o  1 .07 
s o l a r  (mm/d) 5.81 

n r a t i o  .61 
min.RH (%)  42. 
daywind (m/s) 3.7 
D/N r a t i o  1.40 
s o l a r  (mm/d) 5.93 

n r a t i o  .64 
min.RH ( 8 )  47. 
daywind (m/s) 3.9 
D/N r a t i o  1.24 
s o l a r  (mm/d) 6.09 

n r a t i o  .59 
min.RH ( 8 )  48. 
daywind (m/s)  4.4 
D/N r a t i o  1.39 
s o l a r  (mm/d) 5.90 

A p r i l  May June J u l y  

COEUR D '  ALENE 
.65 .59 .62 .85 
45. 46. 47. 33. 
3.4 3.5 3.2 3.1 

1.38 1.46 1 . 4  1.53 
7.51 8.69 9.64 11.12 

LEWISTON FAA AP 
.63 .67 .67 .88 
38. 39. 37. 22. 
2 .3  1.8 1.9 1.8 

1 . 3  1.30 1.40 1 -28  
7.53 9.38 10.13 11.44 

BOISE WSO AP 
.70 .73 .75 -87 
36 37. 32. 22. 
3.6 3.4 3.5 3.1 

1.16 1.23 1.30 1.24 
8.25 9.94 10.81 11.39 

MOUNTAIN HOME AF 
.73 .69 .78 .89 
33. 3 3 -  28. 16, 
3.8 3.8 3.7 3.0 

1.40 1.39 1.35 ? , I 9  
8.45 9.66 11.05 11.56 

GOODING AIRPORT 
.80 -75  .81 .86 
30. 31. 28. 19. 
4.2 4.0 3.9 3.0 

1.38 1.35 1.47 1.28 
8.96 10.08 11.31 11.31 

BURLEY FAA AP 
-76 .72 .78 .88 
36. 34. 31. 25. 
4.2 3.8 3.6 2.9 

1.47 1.35 1.49 1.34 
3.72 9.86 11.08 11.51 

August 

.72 
33. 
2.9 

1.44 
8.74 

.81 
23. 
1.7 

1.37 
9.47 

.83 
23. 
2.9 

1 .24 
9.79 

.85 
16. 
2.9 

1 - 3 0  
10.01 

.84 
21. 
3.0 

1.21 
9.89 

.84 
26. 
2-7  

1.37 
9.91 

S e p t .  Oct. 



4 5 

Table  8. con t inued .  

Parameter  March 

n r a t i o  .60 
min.RH ( 8 )  55. 
daywind (m/s)  2.2 
D / N  r a t i o  1.29 
s o l a r  (mm/d) 5.98 

n r a t i o  .61 
min.RH ( 8 )  49. 
daywind (m/s) 4.2 
D / N  r a t i o  1.28 
s o l a r  ( m / d )  5.93 

n r a t i o  .57 
min.RH ( 8 )  49. 
daywind (m/s) 4.2 
D/N r a t i o  1.18 
s o l a r  (mm/d) 5.64 

n r a t i o  .58 
min.RH ( 8 )  53. 
daywind (m/s)  2.9 
D/N r a t i o  1.08 
s o l a r  (mm/d) 5.66. 

n r a t i o  .59 
min.RH ( 8 )  48. 
daywind (m/s) 4.4 
D / N  r a t i o  1.39 
s o l a r  ( m / d )  5.90 
max RH ( I $ )  0. 
ave RH ( 8 )  0. 

A p r i l  May June J u l y  

MALAD 
.78 .71 .80 .88 
38. 41. 35. 29. 
2.7 2.7 2.4 2.2 

1.43 1 . 4  1.33 1.24 
8.89 9.81 11.25 11.51 

POCATELLO WSO AP 
.87 
20. 
3.8 

1.51 
11.42 

'AA AP 
.87 
25. 
3.5 

1.30 
11.41 

DUBOIS EX?. STATION 
.76 .67 .73 .84 
31. 28. 29. 18. 
3.6 3.4 3.5 3.5 

1.27 1.18 1.26 1.24 
8.60 9.40 10.64 11.74 

.71 .79 
33. 27. 
4.0 4.3 

1.39 1.53 
9.77 11.14 

IDAHO FALLS F 
.70 .77 
31. 33. 
4.2 4.1 

1.26 1.32 
9.69 10.95 

August 

.84 
28. 
2.5 

1.34 
9.96 

.82 
18. 
3.4 

1.38 
9.77 

.81 
26. 
3.2 

1.27 
9.67 

- 7 8  
18. 
3.1 

1.21 
9.38 

KIMBERLY USDA-ARS 1965-78 
.67 .73 .75 .83 .78 
37. 34. 34. 30. 30. 
4.7 4.0 3.6 2.8 2.8 

1.63 1.56 1.65 7 1.88 
8.64 10.61 10.93 11.22 9.60 

86. 86. 86. 86. 85. 
62. 60. 60. 58. 57. 

S e p t .  Oct.  



r e l a t i o n s h i p  (NRATIO =1) compare very we l l  w i t h  c l e a r  sky s o l a r  

r a d i a t i o n  measured a t  Kimberly by Wright  (19781, averaging about 4% 

lower than Klmberly values. The sum o f  t h e  two c o e f f l c l e n t s  used i n  t h e  

s o l a r  equat ion averages 0.78 f o r  Klmberly c lear-sky s o l a r  data. 

Calculated a and b c o e f f i c i e n t s  f o r  use w i th  t h e  FAO-BC procedure 

are  l i s t e d  i n  Table 9 f o r  t h e  10 PNWRBC s t a t l o n s  and f o r  Kimberly. The 

'a' c o e f f i c i e n t  represents t h e  i n t e r c e p t  and Pb '  i s  t h e  s lope of t h e  

l i n e  represent ing ETo vs. t h e  FAO-BC f i t  value where: f = CP(0.461 + 

8.13)l i n  equat ion 2. 

The e f f e c t  o f  h igher  r e l a t i v e  humidity, lower wind speed and less 

so la r  r a d i a t i o n  i n  nor thern ldaho r e l a t i v e  t o  southern ldaho i s  

accounted f o r  by t h e  lower values o f  'bP f o r  Coeur dta lene and Lewiston. 

Values o f  'a' a re  greater  f o r  nor thern ldaho dur ing most months. 

Coe f f i c i en ts  ca l cu la ted  us ing Kimberly data f o l l o w  those f o r  t h e  o the r  

south ldaho s ta t i ons .  Mountain Home, Gooding and Poca te l l o  " 1  

c o e f f i c i e n t s  exceed those f o r  o the r  s t a t i o n s  dur ing some months, 

poss ib ly  due t o  t h e  a r i d i t y  o f  t h e  weather s i t e  environment a t  these 

s ta t ions .  Average monthly wind, minimum humidi ty  and s o l a r  data f o r  t h e  

secondary s l t e s  i s  shown i n  f i gu res  i n  Appendix B. 

A i r  temperature data i s  a v a i l a b l e  f o r  over 100 weather s i t e s  i n  

ldaho on a d a i l y  and monthly basis  (NOAA, 1982) inc lud ing  maxima, minima 

and mean values. Lengths o f  record f o r  NOAA s t a t i o n s  vary from 12 t o  

over 90 years. 

The m a j o r i t y  o f  temperature s t a t i o n s  c o n s i s t  of maximum/minimum 



- - 
Table 9. Coefficients a and b calculated for secondary weather 

stations used to adjust FAO-BC estimates. 

March April May June July August Sept. Oct. 

Coeur- 
d'alene 

Lewiston 

Boise 

Mountain- 
Home 

Gooding 

Burley 

Malad 

Pocatello 

Idaho- 
Falls 

Dubois 

Kimberly 
USDA 



mercury thermometers housed i n  white, wooden NOAA %ot ton  region-typetq 

she l te rs  (CRS) about 4 f e e t  above ground surface. Types o f  ground 

sur face cover around t h e  CRS may be dry, bare s o i l ,  u n i r r l g a t e d  grass, 

weeds, o r  n a t i v e  vegetat ion, i r r i g a t e d  t u r f  o r  pasture, o r  gardens. 

Shel ters a re  o f t e n  located near gravel  o r  aspha l t  roads, s t r e e t s  and 

driveways, and near bu i l d ings  and trees, a l l  o f  which impact a i r  

temperatures i n  and near t h e  she l te r .  

S i t i n g  and a r i d i t y  a f f e c t s  on a i r  temperature and vapor pressure 

have been studied and discussed by many researchers. Holmes (1970) 

recorded decreases o f  3.0 and 2.0°c, respect ive1 y, i n  temperature o f  a i r  

t r a v e l i n g  from v i r g i n  p r a i r i e  t o  a la rge  lake and t o  an i r r i g a t e d  reg ion  

i n  A lber ta  dur lng  August, 1968. A i r  temperature a t  20 meters e leva t i on  

increased 2.0°c as a i r  moved back t o  v i r g i n  p r a i r i e .  Surface r a d i a t i o n  

temperatures measured over i rr igated land averaged 1 O.oOc lower than 

over uncu l t i va ted  p r a i r i e  a t  1430 hours dur ing t h i s  same period. 

Hanks e t  a1 (1971) s tudied temperature, vapor pressure and wind 

speed grad ien ts  along borders between dryland and i r r i g a t e d  f i e l d s  o f  

g r a i n  sorghum dur ing  August a t  Akron, Coiorado. Tney determined thal- 

border advection, manifested by hor1zontaI temperature and vapor 

pressure gradients, occurred over most o f  t h e  i r r i g a t e d  p l o t ,  bu t  was 

most ev ident  from 0 t o  40 meters from t h e  upwjnd edge. Hanks e t  a! 

measured a i r  temperature d i f f e rences  of 2.5 '~ a t  40 cm and 1 .oOc a t  2 

meters above ground sur face between t h e  dryland and i r r i g a t e d  p l o t s .  

Vapor pressure a t  2 meters averaged 1.3 m i l l i b a r s  (14%) h igher  over t h e  

i r r i g a t e d  p l o t s  as compared t o  dryiand. Actual measured 

evapot ransp i ra t ion  ra tes  averaged 5.1 midday from t h e  i r r i g a t e d  sorghum 

and 3.2 mm/day from t h e  dry iand sorghum. 



Burman e t  a l  (1975) measured decreased a i r  temperature, increased 

vapor pressure and decreased wlnd speed along a t r a n s e c t  extending from 

dry sagebrush land i n t o  t h e  cen te r  o f  a la rge  i r r l g a t e d  area i n  southern 

ldaho dur ing  August, 1972. A i r  temperatures averaged 1.0 t o  3 .0 '~  lower 

over  l r r i g a t e d  s i t e s  than over  deser t .  Vapor pressure d e f i c i t s  were 15 

t o  22 m i l l i b a r s  less  over  l r r i g a t e d  areas and windspeed was reduced 

about 40 percent  w i t h i n  t h e  i r r i g a t e d  areas, most iy  due t o  s t a b i i i t y  

e f f e c t s  on momentum t r a n s f e r  over  i r r i g a t e d  land. Ca lcu la ted  reference 

ET ( p o t e n t i a l )  averaged 8 mdday  i n  t h e  cen te r  o f  t h e  i r r i g a t e d  area 

(Kimber ly)  and 10 mm/day a t  t h e  deser-t s i t e .  

Hashemi and Habibian (1979) compared temperature, humid i ty  and wlnd 

measurements a t  d ry land  and i r r i g a t e d  s i t e s  I n  southwestern i ran. A i r  

temperatures dur ing  A p r i l ,  May, June, Ju l y  and August averaged 2.0, 1.5, 

2.5, 1.8, and 2.0'~ h igher  over dry land than  over i r r i g a t e d  areas. 

R e l a t i v e  humid i ty  measurements were 5 percent  iower over  d ry iand  and 

measured wind speed was 50 percen t  h igher .  Calcu lated reference ET 

us ing  d ry land  weather averaged 1.3 midday g roa te r  than ET computed us ing  

weather measurements over  I r r i g a t i o n .  They concluded t h a t  ET computed 

us ing  meteoro log ica l  data from a s t a t i o n  i n  a deser t  area tends t o  

overest imate ET which w i l l  occur when a la rge  l r r i g a t e d  agr Icu I tw-e  i s  

es tab l i shed  w i t h i n  t h e  area. 

A l l e n  (1983) measured d i f f e rences  i n  d a i l y  maxlmum and minimum a i r  

temperatures between two i r r i g a t e d  and two a r l a  dese r t  l oca t i ons  i n  

southern ldaho dur ing  1981. Average monthly depar ture o f  a i r  

temperatures over t h e  a r i d  s i t e s  from t h e  i r r i g a t e d  s i t e s  a r e  l i s t e d  i n  

Table 10 along w i t h  smoothed monthly a r i d i t y  e f f e c t s  i n  degrees Celslus. 

These a r i d i t y  values were used t o  a d j u s t  NOAA temperature data dur ing  



t h i s  study, based on s i t e  descr ipt ions,  ground cover and local  and 

regional  i r r i g a t i o n  d i s t r i b u t i o n .  

Calculated reference ET repor ted  by A l l en  (1983) us ing weather data 

from t h e  I r r i g a t e d  s i t e s  averaged 8.7 midday dur ing  July, whereas 

reference ET ca l cu la ted  using temperature and est imated dewpoint data 

from the  deser t  s i t e  averaged 10.5 mm/day dur ing  t h e  same period. Use 

o f  a i r  and dewpoint temperatures i rom a r i d  s i t e s  caused an 

overest imat ion o f  seasonal ETr of 210 m i l  i imeters (17%) using 

Wright-1982 and 260 m i l  l imeters (21%) us ing FAO-BC. 

S e n s i t i v i t y  o f  t h e  FAO-BC t o  changes i n  mean monthly a i r  

temperature i s  summarized i n  Table 1 1 .  An overest imat ion o f  a i r  

temperature by 4 ' ~  when actual  a i r  temperature over an i r r i g a t e d  f i e l d  

i s  2 0 ' ~  w i  l l cause t h e  FAO-BC t o  overest imate ETr by 11 percent  (Table 

11).  A corresponding underest imation o f  dewpolnt caused by using data 

from an a r i d  s i t e  and t h e  r e s u l t i n g  decrease i n  r e l a t i v e  humidity 

(caused by both lower dewpoint and h igher  maximum a i r  temperature) w i l l  

f u r t h e r  increase overest imat ion o f  reference ET by t h e  FAO-BC o r  

Wright-1982 methods. 

Exthg af Temperature Sta t ions  

S i t e  and equipment desc r ip t i ons  a r e  f i l e d  f o r  a l l  c u r r e n t  NOAA 

temperature s t a t i o n s  i n  ldaho. These descr ipt ions,  termed 8-44 forms, 

were made a v a i l a b l e  by t h e  Nat ional  Weather Service Forecast  O f f i c e  i n  

Boise, ldaho (Olson, 1981 1. The B-44 forms conta in  ln format ion 

concerning s t a t i o n  l oca t i on  and layout, observer and equipment type. 

However, ln fo rmat ion  concerning vegetative cover a t  and around t h e  



Table 10. Average monthly departure of air 
temperatures over arid areas from air 
temperatures over irrigated areas in 
southern Idaho during 1981 and aridity 
effect used in adjusting data. From 
Allen (1982). 

Temperature Departure, C 
Month Maximum Minimum Average Aridity 

April 2.7" 2.4 2.5 1 .O** 

June 2.4 1.8 2.1 2.0 

July 4.8 2.9 3.8 3.5 

August 5.2 4.3 4.7 4.5 

September 3.3 2.7 3.0 3.0 

October 0.3 1.6 0.9 0.0 

J difference between average of desert sites 
2 and 4 and average of irrigated sites 
1 and 3. 

** aridity effect used to adjust mean monthly 
temperatures from NOAA stations 

Table 11. Sensitivity of FAO-BC ET estimates to changes in 
air temperature. 

Mean air temperature Increase in air temperature, C 
(celsius) +I +2 +3 +4 +5 +6 +7 +8 +I0 

Sensitivity, $ change in FAO-BC estimate 



s ta t i ons  i s  genera l ly  lacking. 

A quest iona i re  was developed and submitted t o  observers a t  100 NOAA 

s i t e s  i n  Idaho. Informat ion was requested concerning ground sur face 

type around the  weather s i tes ,  p r e v a i l i n g  wind d i rec t ions ,  land use 

types and l r r i g a t e d  areas and trends w i t h i n  a I m i l e  rad ius  and w i t h i n  a 

30 m i l e  rad ius  around each s i t e .  About 70 o f  t h e  100 quest lonalres were 

returned. Unreturned quest ionaires were fo l lowed by phone conversat lons 

t o  obta in  requested information. 

Using informat ion from t h e  quest ionaires, 6-44 forms and phone 

conversations, NOAA weather s i t e s  were o b j e c t t v e l y  ra ted as t o  a f f e c t s  

o f  a r i d i t y  o f  t h e  s i t e  and surrounding area on recorded a i r  temperature. 

Results o f  t he  r a t i n g  analyses are l i s t e d  i n  Table 12. Cummulative 

r a t i n g s  are based on r a t i n g s  f o r  t he  s ta t ion ,  area and region, w i th  most 

emphasis placed on t h e  s t a t i o n  and area environment and p r e c i p i t a t i o n  

pat terns.  The mathematical re la t i onsh ip  used t o  c a l c u l a t e  cummulative 

s t a t i o n  a r i d i t y  is :  Cummulative a r l d l t y  = O.4(Station a r i d i t y )  + 

0.5(Area a r l d i t y )  + O.I(Reglonal a r i d i t y ) .  Cummulative a r i d i t y  r a t i n g s  

are used i n  the  consumptive use es t imat ing  program t o  ad jus t  mean 

monthly temperatures t o  temperatures expected I n  a large, l r r i g a t e d  

environment over a well-watered, a c t i v e l y  growing grass o r  a l f a l f a .  

Temperature d i f fe rences l i s t e d  i n  column 4 o f  Table 10 are the  maximum 

adjustments made ( a r i d i t y  = 100). 

Resul ts  o f  Tem~erature Adjustment 

Average reference ET estimates f o r  A p r l l  - October and f o r  July, 

on ly  are l i s t e d  i n  Table 13 f o r  th ree NOAA s t a t i o n s  a t  Twin Fa l l s .  The 



- 
Table 12. A r i d i t y  r a t i n g s  f o r  Idaho NOAA weather s t a t i o n s  f o r  

adjustment o f  mean monthly a i r  temperatures. 

A r i d l t y  r a t i n g s  

O=I r r iga ted  1 O O = ~ p I e t e i y  a r i d  

S t a t i o n  Area Region Cumm Ground 
b k % $ Cover 

Aberdeen Exp. S t a t i o n  
American F a l l s  1 SW 
Anderson Dam 
Arbon 2 NW 
Arco 3 SW 
Ashton 
Bayvlew Model Basin 
B lack foo t  2 SSW 
B l  i s s  
Boise WSO AP 
Bonners Ferry 1 SW 
Bruneau 
Bur ley FAA AP 
Cabinet Gorge 
Caldwel 1 
Cambr 1 dge 
Cascade 1 NW 
Cast le fo rd  2 N 
Chal I I s  
C h i l l y  Barton F l a t  
Coeur DfAlene 1 E 
CoV?onwood 
Counc l l 
Deer F i a t  Dam 
O r  l ggs 
Oubois Exp. S t a t i o n  
Emmett 2 E 
F a i r f i e l d  Ranger S t a t l o n  
F o r t  H a l l  Ind ian Agency 
Garden Val ley RS 
Glenns Fer ry  
Grace 
Grand View 2 W 
Grangev i l l e  
Ha l ley  A l r p o r i  
Hamer 4 Nw 
Hazel t on  
H i l l  C l t y  
Hol l I s t e r  
Howe 

bare ground 
bare ground 
bare ground 
garden 
grass 
grass 
bare ground 
grass 
grass 
bare ground 
grass 
bare ground 
grass 
bare ground 
bare ground 
grass 
grass 
bare ground 
bare ground 
bare ground 
dry  grass 
grass 
dry  grass 
grass 
grass 
bare ground 
grass 
grass 
grass 
dry  grass 
dry  grass 
bare ground 
bare ground 
grass 
bare ground 
dry  grass 
bare ground 
bare ground 
dry  grass 
grass 



Table 12. Continued. 
~ ~~~~-~~~ 

A r i d i t y  r a t i n g s  

O= l r r i ga ted  100=CompIetely a r i d  

S t a t i o n  Area Region Cumm Ground 
% % Cover 

ldaho C i t y  
ldaho F a l l s  2 ESE 
ldaho F a l l s  16 SE 
Idaho F a l l s  FAA AP 
ldaho Fa1 I s  46 W 
I s land Park Dam 
Jerome 
Kel logg 
K i  lgore  
Koosk i a 
Kuna 2 NNE 
Lewiston WSO AP 
L i f t o n  Pumping S t a t i o n  
Mackay Ranger S t a t i o n  
Ma 1 ad 
Malad C i t y  
Mal ta 2 E 
Ma Y 
McCa l I 
Minidoka Dam 
Montpel ier  Ranger S t a t i o n  
Moscow-Unlv. o f  ldaho 
Mountal n Home 
New Meadows Ranger S t a t i o n  
Nezperce 
Oak l ey 
Ola 4 S 
Orof ino 
Pal isades Dam 
Parma Exp. S t a t i o n  
Paul 1 ENE 
Payet te 
Picabo 
Poca te i i o  WSO AP 
Por th  l l I 
Po t l a t ch  3 NNE 
Preston Sugar Factory 
Reynolds 
R ich f  i e l d  

p- 

30 25 irr grass 
bare ground 
grass 
dry  grass 
bare ground 
bare ground 
bare ground 
bare ground 
bare ground 
grass 
grass 
dry  grass 
bare ground 
bare ground 
grass 
dry  grass 
bare ground 
bare ground 
bare ground 
grass 
bare ground 
wheatgrass 
bare ground 
grass 
bare ground 
grass 
grass 
grass 
bare ground 
bare ground 
bare ground 
grass 
grass 
roo f  top  
grass 
grass 
bare ground 
range 
grass 



Table 12. Continued. 

A r i d i t y  r a t i n g s  

O= i r r i ga ted  lOO=Cmpietely a r i d  

R igg ins  
Rupert  
s t .  Anthony 1 WNW 
S a i n t  Maries 
Salmon 
Salmon 1 N 
Sandpoint Exp. S t a t l o n  
Shoshone 1 WNW 
Stanley 
S t reve l  I 
Swan F a l l s  Power House 
Swan Va l ley  
Tensed 
Te ton la  Exp. S t a t l o n  
Three Creek 
Twin F a l i s  2 NNE 
Twin F a l l s  3 SE 
Twin F a l i s  WSO 
Welser 2 SE 

S t a t i o n  Area Region Cumm Ground 
$ $ % pb Cover 

bare  ground 
bare  ground 
bare  ground 
d ry  grass 
d ry  grass 
grass 
grass 
bare  ground 
d ry  grass 
grass 
bare  ground 
bare  ground 
grass 
grass 
bare  ground 
bare  ground 
grass 
grass 
d ry  grass 

Rat ing  o f  immediate temperature sensor environment (50 meter 
r a d i u s ) .  
Rat!ng o f  area w! th ln  I mi !e  (1600 meter! r ad ius  i n  upwind 
d i r e c t i o n .  
Rat ing  o f  area w i t h i n  30 m i l e  (48 kin) r a d l u s  i n  upwind d i r e c t i o n .  
Cummulatlve r a t i n g  used t o  a d j u s t  a i r  temperature data. 
The cummulatlve r a t i n g  i s  based primarily on s t a t i o n  and 
area r a t i n g s  and i s  on l y  s i l g h t l y  in f luenced by reg iona l  
e f f e c t s  (regional advect ion) .  
The cummulative r a t i n g  i s  ca l cu la ted  as: 

Cumm = 0 .4 (S ta t ion)  + 0.5(Area) + O.I(Regionai) a r i d i t y  r a t i ngs .  



e f f e c t  o f  adjustment o f  mean temperatures f o r  estimated s t a t i o n  a r i d i t y  

e f fec ts  on ETr as est imated by t h e  FAO-BC i s  apparant. Di f ferences 

between seasonal est imates f o r  Twin F a l l s  2NNE and Twin F a l l s  WSO were 

reduced from 96 mm (3.8 Inches) t o  20 mm (0.8 inches).  The Twin F a l l s  

2NNE s t a t i o n  was s i t e d  i n  nor theast  Twin Fa l l s ,  over bare ground near 

bui ld ings,  aspha l t  s t r e e t s  and park ing l o t s .  The WSO s t a t i o n  i s  s i t e d  

i n  an a g r i c u l t u r a l  s e t t i n g  (Kimberly USDA-ARS) over I r r i g a t e d  grass. 

The e f f e c t  o f  ad jus t i ng  s t a t i o n  temperature records downward basad 

on s t a t i o n  a r i d i t y  i s  a l s o  i l l u s t r a t e d  by comparing Tables C-3 and C-5, 

F igures C-2 through C-10 and Figures C-19 through C-27 I n  Appendix C. 

The f i g u r e s  espec ia l l y  i l l u s t r a t e  t h e  smoothing o f  reference ET 

est imates among s t a t i o n  groupings. I n d l c a t l n g  t h a t  adjustments t o  

s p e c i f i c  s t a t i o n s  are  reasonable. The n e t  e f f e c t s  o f  t h e  adjustments 

a r e  consumptive use est imates representa t ive  o f  i r r l g a t e d  crops i n  

developed areas greater  than 500 acres i n  size, which i s  t h e  l i k e l y  case 

f o r  the  vas t  m a j o r i t y  o f  i r r i g a t e d  development i n  Idaho. I n  I r r i g a t e d  

developments !ess than 500 acres i n  size, border advectton o f  hot, d ry  

a i r  masses from adjacent, dry lands would begin t o  c rea te  a d lscernable 

Increase i n  average consumptlve use over t h e  developed area. I n  these 

instances, consumptlve use est imates should be increased. 

E f f e c t i v e  P r e c i ~ i t a t i o n  

Monthly est imates o f  e f f e c t i v e  p r e c i p i t a t i o n  were ca l cu la ted  dur ing  

t h i s  study us ing a method developed and repor ted by t h e  SCS (1967b). 

Estimates were based on monthly p r e c i p i t a t i o n ,  crop consumptlve use and 

a v a i l a b l e  s o i l  moisture ( r o o t i n g  depth) and were ca lcu la ted  f o r  each 

crop. The SCS method i s  app l icab le  t o  a r i d  areas w i t h  h igh  in take s o i l s  



Table 13. R e s u l t  o f  adjustment o f  mean monthly temperatures f o r  
Twin F a l l s  weather s t a t i o n s .  

S t a t i o n s  

Twin F a l l s  Twin F a l l s  Twin F a l l s  
2NNE 3SE WSO 

A r i d i t y  r a t i n g ,  $ 55 35 0 

Average seasonal ETR, mm 
w i t hou t  temp. adjustment 1446 
w i t h  temp. adjustment 1376 

Average J u l y  ETR, mm/day 
w i t hou t  temp. adjustment 8.9 8.8 
w i t h  temp. ad justment  8.3 8.4 



w i t h  l i t t l e  runo f f .  I t  was developed us ing 50 years o f  p r e c i p i t a t i o n  

and consumptlve use data a t  22 s t a t i o n s  throughout t h e  Uni ted States. 

So i l  In take r a t e s  and r a i n f a l l  i n t e n s i t y  were disregarded i n  method 

development (SCS, l967b).  

S e l e c t i o n  nt Coeff I c i e n t s  

Est imat ing ET f o r  a s p e c i f i c  crop can be a very complex process, 

depending on t h e  degree o f  ref inement used. To o b t a i n  accurate 

estimates, a l l  major c o n t r i b u t i n g  crop and environmental cond i t ions  must 

be considered. These inc lude cl imate, s o i l  moisture, crop type, stage 

of growth, stomatal res is tance and cont ro l ,  and r e l a t i v e  lea f  area and 

sur face cover. 

The development o f  t h e  reference ET (ET,) concept has enabled 

i n t e g r a t i o n  o f  crop va r iab les  i n t o  l i n e a r  ETr m u l t i p l i e r s  termed crop 

c o e f f i c i e n t s .  The use of t ime-var iable crop c o e f f i c l e n t s  w i t h  a 

reference ET est imate i s  widely  used i n  i r r i g a t i o n  scheduling, 

i r r i g a t i o n  p lanning and i n  es t imat ion  o f  crop water requirements. 

Crop ET i s  est imated w i t h  crop c o e f f i c l e n t s  and a reference ET 

using t h e  f o l l o w i n g  procedure: 

where: ET = Consumptive use by crop %I1 dur ing  c j 

K . = Mean crop c o e f f i c i e n t  f o r  crop "cU dur 
CJ 

ET . = Reference ET dur ing  per iod  j. 
r J  

t ime per iod  j 

, ing per iod  j 



Crop coe f f  I c i e n t  K i s  dlmenslonless; t he re fo re  ET . and ET = have c j C J r J  

equ lva lent  un i t s .  

In format ion concerning types and a p p l i c a t i o n  o f  crop c o e f f l c i e n t s  

has been publ ished i n  many references (Burman, e t  al ,  1980). The 

magnitude and shape o f  crop c o e f f i c i e n t  curves f o r  growing seasons vary 

widely, depending on t h e  reference o r  ET method used w i t h  t h e  

coe f f i c l en ts .  

The SCS (1967b) publ ished a ser ies  o f  "crop growth stage 

c o e f f i c i e n t  curves" used t o  est imate monthly crop consumptive use based 

on the  SCS-modified Blaney-Criddle method presented i n  the  same report .  

Crop growth stage c o e f f l c i e n t s  f o r  many crops were p l o t t e d  versus 

percent o f  growing season t o  a l low adjustment o f  t he  shape o f  t he  curve 

depending on length o f  t he  growing season. Crop growth stage 

c o e f f i c l e n t s  should be used on ly  w i th  the  SCS-modifled Blaney-Crlddle, 

as these c o e f f i c l e n t s  a re  n o t  based on a p a r t i c u l a r  reference. 

P r u i t t  (Doorenbos and Pru i t? ,  1977; Surman e? a!, 1980; developed 

t ime-var iable crop c o e f f i c l e n t s  f o r  use w i th  a grass reference ( E L )  

using data from Davis, California and FA0 sources. These c o e f f l c i e n t s  

have higher values than a l fa l fa-based c o e f f i c i e n t s  due f o  d i f fe rences i n  

t h e  grass and a l f a l f a  references. 

Wright (1981a; 1982a; Burman e t  a l ,  1980) presented t ime-var iable 

crop c o e f t l c i e n t s  based on an a l f a l f a  reference (ETr) uslng ]ys imeter  

measurements a t  Kimberly, Idaho. These c o e f f i c l e n t s  can be used t o  

est imate consumptive use on a d a i l y  basis f o r  i r r i g a t i o n  scheduling. 

Two sets o f  crop c o e f f i c i e n t s  have been pubilshed by Wright f o r  two 

d i f f e r e n t  uses. "Meanu crop c o e f f i c i e n t s  (Wright, 1981a) can be used t o  



est imate evapot ransp i ra t ion  by a c t i v e l y  growing crops where evaporat lon 

from t h e  crop and s o i l  sur face due t o  i r r i g a t i o n  and p r e c i p i t a t i o n  a r e  

accounted f o r  w i t h i n  t h e  c o e f f i c i e n t  values. The sur face evaporat ion 

e f f e c t s  a re  f o r  average occurances o f  p r e c i p i t a t i o n  and i r r i g a t i o n  o f  a 

s i l t  loam s o i l  i n  southern Idaho. "Basal" crop c o e f f i c i e n t s  (Wr ight  

1974; 1982a; Burman e t  al, 1980) est imate evapotransplraton by crops 

w i t h  dry s o i l  sur face cond i t i ons  i n  an e f f o r t  t o  make t h e  c o e f f i c i e n t s  

independent o f  s o i l  type and i r r i g a t i o n  and p r e c i p i t a t i o n  frequencies. 

Numeric adjustment of t h e  basal c o e f f i c i e n t  f o r  e f f e c t s  o f  sur face 

wetness and s o i l  d ry ing  p rope r t i es  must be done separate ly  using an 

exponent ia l l y  shaped dry ing  curve. Length o f  t h e  curve i s  based on s o i l  

t ype  and magnitude i s  based on t h e  ca l cu la ted  value o f  t h e  crop 

c o e f f i c i e n t  dur ing  t h e  s p e c i f i c  t ime period. The sum o f  sur face 

evaporat ion and crop ET i s  l i m i t e d  t o  less than o r  equal t o  t h e  

reference ET (Wright, l 9 8 l a ) .  

Comparisons o f  mean and basal crop coefficients (Kcm and K ~ ~ )  a r e  

shown f o r  a bean crop a+ Kimberiy, i n  F lgure  i9, and f o r  a general ize0 

crop w i t h  a normalized t lme a x i s  i n  FIgure 20. The Kc curve i n  F lgure  

19 represents actual  lys imeter  measurements d iv ided by ca l cu la ted  ETr. 

This  curve ind ica tes  t h e  large f l u c t c a t i o n s  i n  d a i l y  Kc vaiues r e s u l t i n g  

from wet sur face evaporatlon, measurement va r i a t i on ,  o r  o ther  fac tors ,  

The Kcm curve i s  a r e s u l t  o f  a  smoothing o f  t h e  measured Kc values, 

incorpora t ing  t h e  e f f e c t s  o f  sur face evaporatlon. The basal (Kcb curve)  

represents t h e  r a t i o  o f  crop ET t o  reference ET when a dry s o i l  sur face 

c o n d i t i o n  ex i s t s .  

F igure  20 includes t h e  adjustments made t o  t h e  basal curve t o  

compensate f o r  known occurrences o f  i r r i g a t i o n  and p r e c l p i t a t i o n .  The 
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F i g u r e  19. Dai ly  c r o p  c o e f f i c i e n t  ( k c ) ,  c a l c u l a t e d  by d i v i d i n g  
c r o p  ET measured w i t h  l y s l m e t e r  by computed r e f e r e n c e  
ET; f i t t e d  b a s a l  c o e f f i c i e n t  (kcb)  c u r v e ;  mean crop 
c o e f f i c i e n t  (kc  ) curve ;  and measured l ea f -a rea - index  
(LAI) f o r  snap  Beans r a i s e d  t o  m a t u r i t y  a t  Kimberly, 
Idaho (from Wright,  1982a) .  





normalized t ime base p l o t t e d  i n  F igure  20 i s  used f o r  both basal and 

mean c o e f f i c i e n t s .  W t h  types o f  c o e f f i c i e n t s  a r e  t o  be used t o  

est imate ET from a crop which i s  n o t  l i m i t e d  by lack o f  s o i l  moisture 

w i t h  t h e  r o o t  zone. 

Grass reference-based crop c o e f f i c i e n t s  repor ted by Doorenbos and 

P r u i t t  (1977) were g r a p h i c a l l y  compared t o  a l fa l fa-based mean crop 

c o e f f i c i e n t s  repor ted by Wright (1981a). Grass-based c o e f f i c i e n t s  were 

d iv ided by 1.15, a general a l f a l f a / g r a s s  c o e f f i c i e n t  suggested f o r  a 

Kimberly-type c l ima te  (Doorenbos and P r u i t t ,  1977). The two curves 

compared we l l  f o r  m o d  crops a f t e r  adjustment o f  lengths o f  crop 

development stages f o r  t h e  grass-based c o e f f i c i e n t s .  A major 

disagreement occurred f o r  potatoes, however, w i th  t h e  FA0 (grass 

reference)  curve peaking about 20% above t h e  a l f a l f a - re fe rence  curve. 

This  d i f f e rence  may be due t o  d i f fe rences i n  po ta to  c u i t i v a r s  used t o  

develop the  curves ( I r i s h  vs. Russet-Burbank) o r  due t o  c l i m a t i c  

d i f fe rences between the  areas used i n  curve development. 

Mean crop c o e f f i c i e n t s  repor ted by Wright (1981a) a re  l i s t e d  I n  

Table 14. Coefl. iclents a r e  presented i n  a normaiized form w i t h  t h e  

abscissa ( t ime  a x i s )  d i v ided  i n t o  percent i i m e  frm p i a n t l n g  To 

e f f e c t i v e  cover and days a f t e r  e f f e c t i v e  cover, as shown i n  F igure  20. 

Average dates o f  growth stages f o r  crops a t  Kimberly are l i s t e d  i n  Table 

15. 

Because crop c o e f f i c i e n t s  by Wright were developed f o r  southern 

ldaho cond i t i ons  using Kimberly lys imeter  data and because t h e  FAO-BC 

w i t h  t h e  reference r a t i o  c a l i b r a t i o n  p r e d i c t s  a l f a l f a  reference ET very 

we1 1 f o r  southern ldaho s i t e s  (F igures 6-11), mean crop c o e f f i c i e n t s  



Table 14. Daily mean ET crop c o e f f i c i e n t s  (Kc),  f o r  normal i r r i g a t i o n  and 
yrooipiLst ion oorlditiona, fo r  urln with u l  f a l f o  referonoe ET f o r  
crops grown i n  an a r i d  reg ion  with a  temperate intermountain 
cl imate.  Coef f i c i en t s  were experimental ly determined from 
weighing lys imeter  ET da t a ,  Kimberly, Idaho, 1968-78. 
(From Wright, 1981.) 

Mean ET crop c o e f f i c i e n t s ,  Kc 

Crop 
Time from plant ing  t o  e f f e c t i v e  cover ($1 

10 20 30 40 50 60 70 80 90 100 

Barley 
Peas 
Sugar Beets 
Potatoes 
Corn 
Beans 
Winter Wheat 

Barley 
Peas 
Sugar Beets 
Potatoes 
F ie ld  Corn 
Sweet Corn 
Beans 
Winter Wheat 

Days a f t e r  e f f e c t i v e  cover(%)  
10 20 30 40 50 60 70 80 90 100 

Time from new growth t o  harves t  ( 8 )  
10 20 30 40 50 60 70 80 90 400 

Alfa l fa  ( 1 s t )  0.70 0.82 0.94 0.96 1.00 1.00 0 0 9 8  0.96 0.95 0.95 
(2nd & 3rd)  0.40 0.50 0.80 0.96 0.98 1.00 1.00 0.98 0.95 0.95 
( 4 t h )  0.40 0.44 0.60 0.65 0.55 0.50 0.45 0.35 0.30 0.25 



Table 15. Dates of crop growth stages identifiable in the field for use with 
crop curves, Kimberly, Idaho, 1968-78. (From Wright, 1981.) 

Month/Day Days 

Full Heading/ Planting Cover to 
Crop Plant Emerge Cover Bloom Ripe Harvest to cover harvest 

Barley 4/11 4/15 
Peas 4/10 4/25 
Sugar Beets 4/15 5/10 
Potatoes 4/25 5/25 
Field Corn 5/5 5/25 
Sweet Corn 5/5 5/25 
Beans 5/22 6/05 
Winter Wheat(2/15)* (3/01) 
Alfalfa(1st) 4/01** 

(2nd) 6/15 
(3rd) 8/01 
(4th) 9/15 

* Effective dates in parenthesis. Crop planted on 10/10 and emerged 10/25. 
** Effective planting date for established alfalfa is date growth begins in 

spring or harvest of preceding crop. Final harvest is date crop becomes 
dormant. 



reported by Wright (1981a) were used during t h i s  study t o  est imate 

monthly crop consumptive use f o r  ldaho s ta t i ons .  A computer r o u t i n e  

incorpora t ing  c o e f f i c i e n t  data l i s t e d  i n  Table 14 i s  described i n  a 

fo l l ow ing  sec t ion  o f  t h i s  chapter. 

Alfal fa-based crop c o e f f i c i e n t s  f o r  some Idaho crops, such as 

onions, orchards, hops, small vegetables, and a l f a l f a  seed have not  y e t  

been developed f o r  ldaho. C o e f f i c i e n t  curves f o r  these crops were 

adapted t o  an a l f a l f a  reference dur ing t h i s  study by conversion o f  

c o e f f i c i e n t s  f o r  a grass reference o r  comparison w l t h  consumptive use 

data from other  sources. A mean curve f o r  est lmat lng consumptive use by 

a l f a l f a  hay, inc lud ing c u t t i n g  e f fec ts ,  was developed using c o e f f i c i e n t  

data reported by Wright (1981a). Normalized c o e f f i c i e n t s  developed 

dur ing t h i s  study are presented i n  Table 16. 

Coefficients f o r  onions were adapted using mid-season and matu r i t y  

c o e f f i c i e n t s  and lengths of stage development presented by Doorenbos and 

P r u l t t  (1977). Coe f f i c ien ts  f o r  small vege-fabies were excerpted from 

the  same source. The c o e f f i c i e n t  curve and normalized t ime scale 

developed f o r  small vegetables i s  an average f o r  cabbage, cau l i f lower ,  

b rocco l i ,  radishes, tanatoes, peppers and squash. 

Two normalized, a l fa l fa-based c o e f f i c i e n t  curves were developed f o r  

orchards. The two curves, one f o r  f r u i t  t rees  w i thout  ground cover and 

one f o r  f r u l t  t rees  w l t h  ground cover, were developed from c o e f f i c i e n t  

data presented f o r  apple and cherry t rees  by Doorenbos and P r u i t t  

(1977). These curves represent mature t rees  w i th  in f requent  wet t ing  by 



Table 16. Daily mean ET crop c o e f f i c i e n t s  (Kc),  f o r  normal i r r i g a t i o n  and 
p r e c i p i t a t i o n  condi t ions ,  f o r  use w i t h  a l f a l f a  re ference  ET f o r  
crop growth i n  Idaho. Coeff ic ien ts  were determined from 
published research.  

Mean ET crop c o e f f i c i e n t s ,  Kc 

Time from plant ing  t o  e f f e c t i v e  cover ($1 
Crop 10 20 30 40 50 60  70 80 90 100 

F r u i t  t r e e s ,  no cover 
F r u i t  t r e e s ,  cover 
Small vegetables  
Onions 
Hops 
Alfa l fa  seed 

F r u i t  t r e e s ,  no cover 
F r u i t  t r e e s ,  cover 
Small vegetables  
Onions 
Hops 
Alfa l fa  seed 

Mean a l f a l f a  hay 

Days a f t e r  e f f e c t i v e  cover($)  
10 20 30 40 50 60 70  80 90 100 

Time from green-up t o  f r o s t *  ($1 
0.0 3.5 7.0 10.5 14.0 83.0 87.3 91.5 95.8 100. 

*Last occurence of 24 degrees Fahrenheit  i n  spr ing  u n t i l  first occcurence 
of 24 degrees Fahrenheit  i n  f a l l .  



i r r i g a t i o n  o r  r a i n .  For young orchards w i t h  t r e e  cover o f  20 t o  50$, 

consumptive use est imates repor ted using these curves should be reduced 

by 30 t o  2096 respectively f o r  orchards w i thout  ground cover and 10 t o  7% 

respec t i ve l y  f o r  orchards w i t h  ground cover. 

Consumptive use by hops has been repor ted by Middleton (1963) based 

on s o i l  moisture measurements made dur ing 1955-1961 a t  Prosser, 

Washington. Consumptive use from mid-June t o  mid-August averaged 470 mm 

(18.5 inches). Pan evaporat ion averaged 640 mm (25 inches) dur lng t h e  

same period. Based on these repor ted  r e s u l t s  and on observat ions by 

Romanko 11982) a t  Parma, Idaho, a normalized curve was developed f o r  

hops, peaking a t  0.55 as shown i n  Table 16. 

Consumptive use o f  water by a l f a l f a  grown f o r  seed product ion i s  

h i g h l y  dependent upon stand management, s o i l  type, and amounts and 

t i m i n g  o f  i r r i g a t i o n s .  Many researchers and growers have concluded t h a t  

seed y i e l d s  are  o f t e n  maximized when i r r i g a t i o n s  a r e  reduced and crop ET 

I s  suppressed. Ko lar  and Kohl (1976), dur ing  I r r i g a t i o n  t r i a l s  on 

a l f a l f a  seed grown on a deep s i l t  loam a t  Kimberly, found t h a t  

cons i s tan t l y  good seed y i e l d s  occurred w i t h  two i r r i g a t i o n s  per season, 

one i n  l a t e  May and one when a v a i l a b l e  moisture i n  t h e  upper 2.3 meters 

(7.5 f e e t )  of s o i l  was l a rge l y  depleted. 

On deep s o i l s  i n  Nevada, Mahannah (1973) found t h a t  an Y r r i ga t l on  

o f  380 mm (15 inches) appl ied i n  November w i t h  an add i t i ona l  130 mm (5  

inches) app l ied  i n  l a t e  May produced more seed than when an i r r i g a t i o n  

o f  115 mm (4.5 inches) i n  Ju l y  was added t o  t h e  prev ious I r r I g a t I o n s .  

Actual crop use var ied  from 440 mm t o  625 mm (17.5 t o  24.6 inches) per 

year f o r  seed whereas a l f a l f a  f o r  hay used from 1140 t o  1220 mm (45 t o  



48 inches). 

Depression o f  ET through reduct ion  o f  i r r i g a t i o n  tends t o  

discourage green top  growth and encourages seed product ion. However, 

some t r a n s p i r a t i o n  i s  necessary t o  ca r r y  on p l a n t  maintenance processes 

and f o r  bloom and seed growth. Large app l i ca t i ons  o f  water a f t e r  

I n i t i a l  f lower  bloom can encourage add i t i ona l  regrowth, reducing seed 

product ion (Melton, 1972). 

Based on publ ished research f i nd ings  and i r r i g a t i o n  and c u l t i v a t i o n  

p rac t i ces  by growers i n  south-central  and south-western Idaho, a 

normalized crop c o e f f i c i e n t  curve was developed fo r  a l f a l f a  seed crops, 

assuming depression o f  ET due t o  reduc t ion  o f  i r r i g a t i o n  app l ica t ions .  

C o e f f i c i e n t s  from t h i s  curve are l i s t e d  i n  Table 16 and F igure  21. i n  

instances where a l f a l f a  seed i s  watered i n  a manner s i m i l a r  t o  a l f a l f a  

hay, consumptive use w i l l  increase toward t h a t  o f  hay. However, lodging 

o f  t h e  mature, seed-bearing p lan ts  w l l  l l i m i t  ET t o  beiow t h a t  f o r  t h e  

a l f a l f a  reference (Wright, 1982b). 

Because c u t t i n g  dates o f  a l f a i f a  hay vary widely  from year t o  year, 

and according t o  management a t t i t u d e s  o f  growers, a mean a l f a l f a  hay 

curve was developed dur ing  t h i s  study which incorporates smoothed 

e f f e c t s  o f  c u t t i n g s  on ET. The mean c o e f f l c i e n t s  prov ide consumptive 

use est imates f o r  hay which fo l l ow  a smooih curve ihrough t h e  growing 

season, whereas actual  ET from a l f a l f a  hay decreases g r e a t l y  immediately 

a f t e r  c u t t i n g  (Wright, 1981a). 

Long-term average d a i l y  ET est imates f o r  a l f a l f a  hay a t  Kimberly 

using mean coefficients and actual  c o e f f i c i e n t s  which f o l l o w  c u t t i n g s  

are  p l o t t e d  i n  f i g u r e  21. Aiso included i n  t h e  f i g u r e  are  curves 



represent ing ET f o r  seed a l f a l f a  and t h e  a l f a l f a  reference. The areas 

under t h e  two curves represent ing ET from a l f a l f a  hay are s lmi la r ,  

t o t a l i n g  941 and 929 mm f o r  a t y p l c a l  growing season. Monthly and 

seasonal ET t o t a l s  f o r  t h e  four  curves p l o t t e d  i n  f i g u r e  21 are l i s t e d  

i n  Table 17. 

A l l  crop c o e f f l c l e n t s  presented f o r  a l f a l f a  hay est imate 

consumptive use f o r  a healthy, disease-free, a c t l v e l y  growing, 

insect-free, we1 I-watered crop w i t h  no windrow o r  compaction e f fec ts .  

Wright (1982b) and H i l l  (1980) have shown t h a t  consumptive use by 

a l f a l f a  i s  o f t e n  l l n e a r i y  proport ional  t o  dry mat ter  y ie ld .  Therefore, 

consumptive use est imates f o r  a l f a l f a  hay using t h e  procedures and 

c o e f f i c i e n t s  i n  t h i s  r e p o r t  may r e q u i r e  downward adjustment f o r  areas 

w i th  suboptimal y ie lds .  Wright (1982b) reported y i e l d s  from lyslmeter 

and adjacent research f i e l d s  averaged 17.3 tonne/ha (7.8 t o n d a c r e )  a t  

12% moisture over a 7 year period. The Twin Fa1 I s  county average f o r  

a l f a l f a  hay i s  about 13.3 tonne/ha (6 tons/acre).  New a l f a l f a  v a r i e t i e s  

introduced i n t o  ! d a b  r l t h l n  t h e  !as* ten years wEth Flemlsh background 

a l so  tend t o  use less water due t o  lodging o f  t h e  fine-stemmed p l a n t s  

A quest lona i re  was sent  ou t  t o  each county extension o f f l c e  i n  

Idaho request ing average dates o f  p lant ing,  emergence, e f t e c t i v e  cover 

and harvest  f o r  a l l  crops grown i n  each county. Response t o  t h e  

quest lona i re  was genera l ly  poor, w i th  on ly  65% returned. O f  those 

returned, few included reasonable estimates f o r  crop stage development. 

The returned quest ionaires were he lp fu l ,  however, i n  quan t i f y ing  crops 
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MONTH 
F i q u r e  ; I .  Smoothed four teen-year  a v e r a q e  d a i l y  i T  e5 t i l aa : c i  f o r  a l f a l f a  r e f e r e n c e .  

i e e d  a l f a l f a  and  a l f a l f a  n a y  f o r  l : i a ~ b e ~ . l ~ .  Ida!ro. 1965.1978 ( a f t e r  
k i 9 I w . .  \ % l a !  

Table 17. Average Monthly ET f o r  a l f a l f a  hay, a l f a l f a  
seed and reference a ! t a ! f a  f o r  Kimbarly, 16. 
A p r i l  10-October 20, 1965-1978. 

Monthly Evapotranspirat ion, mi! l imeters  ( inches) 

A l f a l f a  A l f a l f a  A l  fa1 fa  
Hay Hay Seed Etr 

3 c u t t i n g s  Mean c u t  
- 

Apr i 1 73 (2.9) 74 (2.9) 81 (3.21 97 (3.8, 
May 185 (7.3) 176 (6.9) 188 (7.4) 190 (7.5) 
June 154 (6.1) 191 (7.5) 199 (7.9) 218 (8.6) 
Jui y 235 (9.3) i 97  (7.8) 186 (7.4) 242 (9 .5 )  
A U ~ U S ~  152 (6.0) 161 (6.3) 134 (5.3) 212 (8.4) 
September 110 (4.3) 102 (4.0) 73 (2.9) 150 (5.91 
October 29 (1.1) 27 (1.1) 25 ( 1  .O) 69 (2.7) 

Seasonal 941 (37) 929 (37)  889 (35)  1180 (47)  



grown w i t h i n  s p e c i f i c  areas o f  count ies. 

1-1 f t y - t h roe  a y r l c u l t u r e l  roylonr, w l t h i r ~  Idaho wore i d o n t l f  led f o r  

which dates o f  crop stage development were estimated. De l ineat ion  o f  

regions was based on topography, geography, e levat ion,  weather pa t te rns  

and weather s t a t l o n  prox imi ty .  

Dates f o r  planting, greenup, cover and harvest  can vary widely  from 

year t o  year and farm t o  farm, depending on temperature, p rec ip i t a t i on ,  

s o i l  types and c u l t u r a l  p rac t ices .  Often, however, cover and harvest  

dates vary considerably less than dates o f  p l a n t i n g  due t o  greater  

amounts o f  degree-days and longer day lengths dur ing  midseason, which i n  

e f f e c t  conver t  large d i f f e rences  i n  t h e  number o f  low energy days i n  

e a r l y  season t o  small d i f f e rences  i n  t h e  number o f  h igh energy days 

l a t e r  on. 

The Bureau o f  Reclamation has developed and tes ted  procedures f o r  

r e l a t i n g  crop stage development t o  a cummulative po ten t i a l  ET ca lcu la ted  

i is ing t h e  Jensan-HaIse rad ia t !on  equation. This  approach attempts t o  

account f o r  intraseasonal v a r i a t l o n  i n  crop development due t o  v a r i a t l o n  

9n weather patterns, most notably  r a d i a t i o n  and temperature, as 

r e f l e c t e d  i n  t h e  Jensen-Haise equation. P lan t i ng  dates f o r  crops must 

be known, however, and t h e  procedure i s  s t i l l  i n  t h e  t e s t i n g  stages 

(Buchhelm and Brower, 1981 ) . 
James, e t  a l  (1982) est imated dates o f  p l a n t i n g  and greenup f o r  

s p e c i f i c  years based on a running 30-day average o f  mean a i r  

temperature. Mean temperatures a t  which p l a n t i n g  o r  greenup occurs were 

taken from t h e  I r r i g a t i o n  Water Requirements p u b l i c a t i o n  by t h e  SCS 

(1967b) o r  from previous work i n  t h e  s t a t e  of Washington, No attempt 



was made t o  a d j u s t  lengths o f  growth stage development a f t e r  p l a n t i n g  

depending on weather dur ing each season. Therefore, delay o f  p l a n t i n g  

by 20 days, f o r  example, due t o  cool spr ing  temperatures was assumed t o  

cause crop development, e f f e c t i v e  cover and harvest  dates t o  l ag  by an 

equal amount. This assumption may n o t  ho ld  t r u e  depending on crop types 

grown. I n  add i t ion ,  e f f e c t s  o f  f r o s t  and day-to-day temperature t rends 

on p l a n t i n g  o r  I n i t i a t i o n  o f  growth a r e  no t  accounted f o r  i n  t h i s  

approach. 

Because cool, wet spr ings may o f t e n  be fo l lowed by hot, d ry  summers 

and v i c e  versa, and because crop deveiopment va r i es  w i t h  farm and f i e l d ,  

It was assumed dur ing t h i s  study t h a t  dates o f  p lan t ing ,  greenup, 

e f f e c t i v e  cover and harvest  a re  randomly and normal ly d i s t r l b u t e d  about 

long-term means. Using t h i s  assumption i n  a d d i t i o n  t o  t h e  f a c t  t h a t  

reference evapot ransp i ra t ion  i n  southern ldaho has been found t o  a l s o  be 

normal ly d i s t r i b u t e d  (Al len,  1980; Wright and Jensen, 1972; A l l e n  and 

Wright, 19831, s t a t i s t i c s  o f  consumptive use est imates using average 

dates o f  p!ant!ng, cover and harvest  should no t  s l g n i i l c a n t ! y  dev ia te  

from a c t u a l i t y .  

In format ion sources used i n  determining average dates o f  p lan t ing ,  

e f f e c t i v e  cover and harvest  included Wright (1981a1, USBR crop 

in format ion (McVey, 1981 1, quest ionai res from and conversat ions w i t h  

county extension agents, and ldaho A g r i c u l t u r a l  experiment s t a t i o n  

. - 
b u l l e t i n s  p e r t a i n i n g  t o  crop weather caiendars i faubian, 1 ~ 7 5 j ,  s o i i  

temperatures (McDole e t  a i ,  19801, f reez ing  temperatures and growing 

seasons (Everson e t  a!, 1978), and growing degree days (Everson e t  at ,  

1976) f o r  areas w i t h i n  t h e  s t a t e  o f  ldaho. 



Plan t ing  o r  greenup dates f o r  cerea ls  and row crops were la rge ly  

based on Wright (1981a) (Table 1 5 )  wi th  adjustment o f  dates f o r  other  

s i t e s  determined by v a r l a t l o n  i n  a i r  temperature, s o i l  temperature and 

growing degree days o f  areas as compared t o  Twin Fa l l s .  Greenup f o r  

a l  fa1 fa  a t  a1 l s i t e s  was based on t h e  l a s t  average o c c u r r e n ~ ~ - o f - 2 4 ~ ~  i n  - .- - - - 

t h e  spr ing (Everson e t  a!, 1978) and freeze-down was based on t h e  f i r s t  

average occurrence of 2 4 ' ~  i n  t h e  fa1 I. These dates compare very we1 l 

w i th  observed dates o f  greenup and freeze-down a t  Klmberiy and i n  

western Idaho. Grass pasture was assumed t o  begin growth 7 days before 
< -  

t h e  l a s t  average occurrence o f  2 4 ' ~  i n  t h e  spr ing  and cease 7 days a f t e r  

t he  f i r s t  average occurrence o f  2 4 ' ~  i n  t h e  fa1 l (Kruse and Haise, 

Leaf development f o r  orchards and p l a n t i n g  and growth o f  vegetable 

crops was based on f reez ing temperature data and growing degrees. 

P lant ing  and growth stage dates f o r  l e n t i l s  and peas grown i n  nor thern 

ldaho were based on telephone conversat ions w i t h  county extension agents 

and Un!vers i ty  o f  !daho, Co! !ege of Ag r i cu ! tu re  f a c u l t y  a t  Moscow. 

Dates f o r  heading and harvest ing o f  grain, and cover and die-down 

o f  potatoes f o r  southern Idaho were determined from informat ion by 

Roylance (1965) and Kle inkopf  (1982). 

The length o f  t ime between p l a n t i n g  (greenup) and e t f e c t l v e  cover 

were he ld  constant  among s i t e s  f o r  t h e  crops a l f a l f a  seed, beans, corn, 

sugar beets, cereals, pasture, orchards, vegetables, onions and hops. 

Lengths o f  t ime between e f f e c t i v e  cover and harvest  were he ld  

e s s e n t l a l l y  constant among s i t e s  f o r  t h e  crops beans, corn sl lage, sweet 

corn, peas, spr ing  g r a i n  and hops. Time lengths varied, depending on 



l oca t i on  and elevation f o r  o the r  crops. Tables o f  est imates o f  crop 

growth dates f o r  ldaho areas a r e  included i n  Appendix Table C-2. 

Crop c o e f f i c i e n t s  l i s t e d  i n  Tables 14 and 16 were included i n  a 

computer r o u t i n e  described i n  t h e  following sect ion.  

Monthly est imates o i  consumptive use and r e s u l t i n g  s t a t i s t i c s  were 

ca lcu la ted  us ing t h e  computer program CONSU. This program, w r i t t e n  i n  

FORTRAN I V ,  was developed s p e c i f i c a l l y  f o r  t h i s  study. A l i s t i n g  o f  

CONSU i s  included i n  Appendix D. 

The consumptive use method employed i n  CONSU i s  t h e  

FAO-Blaney-Criddle w i t h  Kimberly reference r a t i o s  and an e leva t i on  

cor rec t ion .  Crop c o e f f i c i e n t s  used inc lude mean c o e f f i c i e n t s  developed 

by Wright (1981a) based on an a l f a l f a  reference. 

Data requirements f o r  CONSU inc lude monthly average mean d a i i y  

temperature and monthly p r e c i p i t a t i o n  t o t a l s  f o r  each NOAA weather 

s t a t i o n  f o r  t h e  a v a i l a b l e  per iod  o f  record. Temperature and 

p r e c i p i t a t i o n  can be read d i r e c t l y  from a tape o f  monthly va ius suppl!ed 

by NOAA f o r  a l l  s t a t i o n s  i n  t h e  s t a t e  o f  ldaho o r  data can be read from 

a condensed data f i l e  maintained on t h e  HP-1600 computer system a t  

Kimberly. Resul ts  a r e  equivalent.  

Other data requ i red  by CONSU inc lude secondary weather parameters 

l i s t e d  i n  Table 8 f o r  I I ldaho s i tes,  NOAA weather s t a t i o n  descr ip to rs  

and tape in fo rmat ion  l i s t e d  i n  Table I o f  Appendix C f o r  each s ta t ion ,  

and crop stage dates t o r  56 loca t ions  throughout t h e  state.  Crop stage 



dates are  included i n  Table 2 o f  Appendlx C. 

Program CONSU generates "a and bl' c o e f f i c i e n t s  requ i red  by t h e  

FAO-BC method and est imates reference ET using p o r t i o n s  o f  programming 

exerpted from FA024. The "a and bl' c o e f f i c i e n t s  a r e  ca l cu la ted  from 

tab les  i n  program memory f o r  t h e  secondary weather s ta t ions .  These 

c o e f f i c i e n t s  a re  app l ied  t o  a l l  temperature s t a t i o n s  w i t h i n  each 

secondary weather reg ion  (Table C-1 and F igure  C-1 i n  Appendix C).  Crop 

c o e f f i c i e n t  curves and monthly averages a r e  ca l cu la ted  us lng subrout lne 

CROP and growth stage dates f o r  t h e  area o f  i n te res t .  Monthly 

consumptive use i s  est lmated by m u l t i p l y i n g  reference ET by mean monthly 

c o e f f l c l e n t s  f o r  crops grown w i t h i n  t h e  weather s t a t i o n  area. 

l r r l g a t i o n  requirements r e q u i r e  es t imat ion  o f  e f f e c t i v e  r a i n f a l l ,  which 

i s  ca l cu la ted  uslng t h e  SCS method (1967b). Maximum n e t  I r r i g a t i o n  

application depths a r e  lncluded i n  CONSU f o r  each crop type. 

Ca lcu la t i on  et b n s u m ~ t i v e  YEg 

Monthly means, standard dev ia t ions  and skews were ca l cu la ted  f o r  

reference ET, consumptive use, i r r i g a t i o n  r e q u l r m e n t  and p r e c i p i t a t i o n  

using a v a i l a b l e  lengths o f  weather records. S t a t i s t i c s  were computed 

f o r  a l l  crops s p e c i f i e d  f o r  t h e  a g r i c u l t u r a l  reg ion  represent ing t h e  

weather s i t e .  These s t a t i s t i c s ,  along w i t h  in termediate and summary 

data, were w r i t t e n  t o  d i sk  f i l e s  and t o  paper. The percent o f  months 

w l t h  nonzero values f o r  p r e c i p i t a t i o n  were a l s o  recorded. 

A program e n t i t l e d  IDAMP was used t o  p l o t  monthly means and 

standard dev ia t ions  o f  computed reference ET f o r  each ldaho s t a t l o n  on to  

a l l n e  p r i n t e r  map o f  t h e  s t a t e  o f  ldaho f o r  comparative purposes. 



Program IDAMP was a l so  used t o  p l o t  t h e  month and day o f  crop growth 

stages. Resul ts  o f  program IDAMP are  included i n  Appendix C. 



MAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

Four consumptive use methods presented by t h e  Uni ted Nations Food 

and A g r i c u l t u r a l  Organizat ion (FA01 (Doorenbos and P r u i t t ,  1977) and t h e  

Jensen-Haise, SCS-modified Blaney-Criddle, standard Penman and Wrlght- 

modi f ied Penman (Wright, 1982a) methods were compared us ing d a l l y  

weather data from the  USDA-ARS Snake River  Conservation Research Center 

a t  Kimberly, Idaho. The FAO-modified Blaney-Criddle (FAO-BC) method was 

selected as t h e  bes t  method f o r  es t imat ing  consumptive use on a 

statewide basis, based on accuracy and responsivness o f  t h e  equat ion and 

t h e  pr imary data requirement o f  a i r  temperature, only. An addf t iona l  

b e n e f i t  o f  us ing t h e  single-parameter FAO-BC i s  t h a t  it can be used as a 

mult iple-parameter method where measured values o f  wlnd, humidi ty  and 

s o l a r  r a d i a t i o n  are  ava i lab le .  

Reference ET est imated by t h e  FAO-BC was compared w i t h  reference ET 

est imated us ing t h e  Wright-modified Penman a t  four  a g r i c u l t u r a l  s i t e s  

across Idaho. The Wright method includes a wind term c a l i b r a t e d  t o  

p rec i s ion  Iys imeter  measurements o f  a l f a l f a  ET a t  t h e  Kimberly s i t e  

(Wright, 1982a) and c lose l y  approximates actual  ET by an a c t i v e l y  

growing a l f a l f a  crop (Jensen, 1974). 

Comparison o f  t h e  FAO-BC and Wright methods a t  t h e  four  s i t e s  

v e r i f i e d  t h e  need f o r  adjustment o f  FAO-BC est imates t o  account f o r  

e leva t i on  e f f e c t s  on r a d i a t i o n  and a i r  temperature. The ten  percent 

upward adjustment t o  FAO-BC est imates per 1000 meters e leva t i on  

suggested by P r u l t t  (Doorenbos and P r u i t t ,  1977) caused t h e  FAO-BC t o  



compare we l l  w l t h  t h e  Wright method a t  a l l  s i t e s .  S i t e  e leva t ions  

ranged from 680 meters e leva t i on  a t  Wilder t o  1480 meters e leva t i on  a t  

Rexburg. Alfalfa/FAO-BC reference r a t i o s  developed using Kimberly data 

were a l so  found t o  be t r a n s f e r r r a b l e  t o  o ther  ldaho s i t es .  

Secondary weather data requirements o f  t h e  FAO-BC inc lude daytime 

wind speed, minimum r e l a t i v e  humidi ty  and percent  poss ib le  sunshine. 

Secondary weather data publ ished by t h e  P a c i f i c  Northwest River  Baslns 

Commission (1968) f o r  10 ldaho loca t ions  was reformat ted f o r  use w i t h  

t h i s  study. Re la t i ve  humidi ty  data was adjusted i n  some instances t o  

r e f l e c t  an a g r i c u l t u r a l  se t t i ng .  Solar  weather data publ ished by 

Sat te r lund and Means (1979) was a l s o  used. Daytime wind speeds and 

ca l cu la ted  day/night r a t i o s  are  repor ied.  

Because many National Oceanic and Atmospheric Admin is t ra t ion  (NOAA) 

supported weather s i t e s  a r e  s i t ua ted  i n  dry, nonagr icu l tu ra l  set t ings,  

a i r  temperatures recorded a t  many s t a t i o n s  are  greater  than those 

experienced above a well-watered, a c t i v e l y  growing and t r a n s p i r i n g  

a g r i c u l t u r a l  crop. Use o f  a r i d  temperatures w i t h  a consumptive use 

method c a l i b r a t e d  using a g r i c u l t u r a l  Weather data can lead t o  

overest imat ion o f  consumptive use requirements. Consequently, NOAA 

weather s t a t i o n s  throughout Idaho were o b j e c t i v e l y  ra ted  according t o  

t h e  degree of s t a t i o n  a r l d i t y  and environment e f f e c t s  on a i r  

temperatures. Monthly mean temperatures from each NOAA s i t e  were 

adjusted do~nward accordiny So +he s i a i i o n  a r i d i t y  r a t i n g  and maximum 

a r i d i t y  e f f e c t s  repor ted by A l l en  (1983; A l l e n  e t  at, 1983). 

S t a t i s t i c s  were computed f o r  consumptlve use est imated using t h e  

c a l i b r a t e d  FAO-BC w l t h  long-term average secondary data, t h e  calibrated 



FAO-BC w i th  year ly  averages o f  monthly secondary data ( s h o r t  term) and 

w l th  the  Wright-modified Penman method. Populat ion means were q u i t e  

s i m i l a r  among methods; however, standard dev ia t ions  ca lcu la ted f o r  

monthly consumptive use est imates over a four teen year per iod  var ied  

among methods used. Standard dev la t ions  f o r  t h e  FAO-BC w l th  long term 

secondary data were h a l f  t h e  value o f  standard dev ia t ions  ca lcu la ted f o r  

t he  FAO-BC w l t h  short- term secondary data and f o r  t he  Wright-method. 

Thls r e s u l t  i s  due t o  use o f  a single-parameter method as opposed t o  a 

m u l t i p l e  parameter consumptive use method where v a r i a t i o n s  w i t h l n  

i nd i v idua l  weather parameters a re  b e t t e r  r e f l e c t e d  i n  t h e  equation 

estimate. Results o f  these comparisons ind i ca te  t h a t  c o e f f i c i e n t s  o f  

v a r i a t i o n  f o r  t he  single-parameter FAO-BC should be adjusted t o  account 

f o r  v a r l a t l o n  o f  weather parameters he ld  constant  dur ing equation use. 

Crops c u l t i v a t e d  i n  var ious a g r i c u l t u r a l  regions o f  ldaho were 

I d e n t i f i e d  and dates o f  crop growth stage development were determined. 

Crop c o e f f l c l e n t  curves based on an a l f a l f a  reference were developed f o r  

C - , .  ,,,it trees, small vagetabless, onions, hops and a ; f a ; f a  seed. 

A computer r o u t i n e  was w r i t t e n  t o  compute monthly consumptive use 

and i r r i g a t i o n  requirements f o r  98 NOAA weather s i t e s  i n  a g r i c u l t u r a l  

areas o f  ldaho. 

Recommendations 

Based on r e s u l t s  o f  t h i s  research, it i s  recommended t h a t  

c o e f f i c i e n t s  o f  v a r i a t l o n  (standard deviation/mean) be adjusted before 

frequency analyses o f  consumptive use estimated uslng t h e  FAO-BC w i t h  



longterm secondary data are performed. Without necessary adjustment, 

risk levels calculated using FAO-BC estimates will not represent 

probabilities of real occurrence. 

Consumptive use by crops for periods of less than thirty days 

duratlon are useful in design and scheduling of irrigation and river 

operation systems. It is recommended that consumptive use for periods 

of less than thirty days duratlon be estimated for a! i stations based on 

monthly estimates computed during this study. 

A statewide consumptive use bul letin can be publ ished for Idaho 

which incorporates a1 1 of the research and results reported for this 

study. The bul letin should lnciude frequency tables computed using 

adjusted FAO-BC statistics. 

Lack of high quality and continuous weather data representative of 

agricultural settings for sites other than Kimberly severely hampered 

method comparison, calibration and verification, Installation of an 

agricultural meterologlca? network across Idaho would great!y tac!l?ta?-e 

future consumptive use studies. Utilization of current microprocessor 

and electronic technology can provide completely automated weather and 

consumptive use data coliectlon, reduction and dissemination. 

Development or adaption of rmoie sensing techniques and satelite 

Imagery could facilitate the quantification of crop types and dates of 

growth stage deveiupment throughout the stare. 
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Appendix A 

pescriDtion of EvaDotransDiration Methods 

WBLANEY-- METHOD 

The FAO-Blaney-Criddle (FAO-BC) Method is suggested for areas where 

available primary climatic data includes air temperature data only. 

The FAO-BC with elevation correction, as suggested by Doorenbos and 

Pruitt (1977), representing mean grass reference ET over a given month, 

is expressed as: 

where: ET = grass reference evapotranspiration in mm/day for 
0 the month considered 
T : mean daily temperature in deg. C. over the month 

considered 
p = mean daily percentage of total annual. daytime hours 

obtained from Table A-1 for a given month and latitude 
a,b : adjustment factors which depend on minimum relative 

humidity, sunshine hours and daytime wind estimates 
E = elevation of station in meters 

Figure A-1 can be used to estimate ETo graphically using calculated 

values of p(0.46T+8.13). The value of p(0.46T+8.13) is given on the 

.. X-axis and tne value of ETo can be read directly from the x-axis. 

Relationships are presented in Figure A-1 for (i) three levels of 

minimum humidity (RHmin); (ii) three levels of the ratio actual to 

maximum possible sunshine hours (n/N); and (iii) three ranges of daytime 



P i g .  A-1. Prediction of ETo f rom Blaney-Criddle f f ac tor  for different conditions 
of minimum relative humidity. sunshine duration and day t ime wind. 
From Doorenbo!~  and P r u i t t  ( 1 9 7 7 ) .  



wind conditions at 2 m height (UDAY).' Information on general monthly or 

seasonal weather conditions and approximate range of RHmin, n/N, and 

Uday for a given site may be obLained f'rom published weather 

descriptions or from extrapolation from nearby areas or from local 

information. The nomenclature used by FA024 to depict general levels of 

humidity, sunshine and wind is given in Figure A-2. 

Alfalfa reference ET for Idaho stations was calculated in this 

study by multiplying ETo estimated by Eq. A-1 by an alfalfa/FAO-BC 

reference ratio calculated at Kimberly for the appropriate month. 

The FAO-Radiation Method is essentially an adaption of the Makkink 

formula (1957). This method is suggested for areas where available 

climatic data include measured air temperature and sunshine, cloudiness 

or radiation, but not measured wind and humidity. Knowledge of general 

levels of humidity and wind is required, and these are to be estimated 

using published weather descriptions, extrapolation from nearby areas or 

from a local source. 

I Note that aiii fers iiere minimum daytime ~ h u r n i d i t y  and that 
wind refers to daytime wind. If estimates of 24 hour mean wind are 
available, these need to be converted to daytime wind. Generally 
Uday/Unight approximately equals 2 and mean 24-hr wind data should be 
multiplied by 1.33 to obtain mean daytime wind. For areas with either 
predominantly night or daytime wind, the following factor can be used: 

~~~ 1-Q 1.5. 2.Q 2.5. 3.0 3.5. 1.4. 
correction for Uday 1.0 1.2 1.33 4 1.5 1.56 1.6 



Figure A-2. Climatological nomenclature for FA0 methods. 
(From Doorentos and Pruitt, 1977) 

- - 
Where climatic data are not used as direct input data but general levels 

of climatic variables are needed, the following nomenclature is used: 

TEMPERATURE 

hot Tmean >30 deg. C 
cool Tmean <15 deg. C 
- - 

HUMIDITY 
RHmin, minimum relative humidity 

low <20% dry <20% 
medium 20-501 humid >70% 
high >50% 

RHmean, mean relative humidity 

1 ow <40$ low <40% 
medium-low 40-558 medium 40-705 
medium-high 55-708 high >70% 
high >70% --- 

WIND 

light <110 mi/day 
moderate 110-265 mi/day 
strong 265-440 mi/day 
very strong >440 mi/day 

RADIATION 

sunshine n/N 

low < 0.6 
medium 0.6-0.8 
high > 0.8 

Tmean=(Tmax+Tmin)/2. 
Data is collected from max/min 
thermometer or thermograph records. 

RHmin is lowest humidity during day- 
time and is reached usually at 1400 
to 1600 hrs. From hygrograph or wet 
and dry bulb thermometer. For rough 
estimation purposes when read at 1600 
hrs subtract 5 to 10 for humid cli- 
mate and up to 30 for desert climate. 

RHmean is average of max. and min. 
relative humidity or 

RHmean=(RHmin+RHmax)/2. 
Whereas for most climates RHmin will, 
vary strongly, RHmax equals 90 to 
100% for humid climates, 80 to 100% 
for semi-arid and arid climates 
where Tmin is 20-25 deg.C. lower than 
.n sax. In arid areas RHmax may be 
25-402 when Tmin is 15 deg.C. lower 
than Tmax. 

For rough estimation purposes sum of 
several windspeed observations divi- 
ded by number of readings to give 
wind run in mi/day. 

Ratio between daily actual (n) and 
daily maximum possible ( N )  sunshine 
duration. 
n/N>0.8: near bright sunshine all day 
n/N 0.6-0.8: some 40% of daytime hrs 

full cloudiness or partially 
clouded for 708 of daytime hrs. 



The form o f  t h e  FAO-radiation method is: 

where: ETo : g r a s s  r e f e r e n c e  e v a p o t r a n s p i r a t i o n  i n  mm/day f o r  
t h e  p e r i o d s  c o n s i d e r e d  

Rs : g l o b a l  s o l a r  r a d i a i t o n  i n  e q u i v a l e n t  e v a p o r a t i o n  
mm/day 

W : psychromet r i c  we igh t ing  f a c t o r  which depends on 
t empera tu re  and a l t i t u d e  

c : ad jus tment  f a c t o r  which depends on mean humid i ty  
and daytime wind c o n d i t i o n s  

Rs can  be measured d i r e c t l y  u s i n g  a g l o b a l  pyronometer o r  e s t i m a t e d  

as: 

RS = (0.25+0.50 n/N)Ra (Doorenbos and P r u i t t ,  $977)  (A-3) 

where n/N is t h e  r a t i o  between a c t u a l  measured b r i g h t  s u n s h i n e  h o u r s  and 

maximum p o s s i b l e  s u n s h i n e  hours .  Both n and N a r e  expressed  i n  mean 

d a i l y  v a l u e s ,  i n  hours .  V a r i a b l e  N is f i x e d  w i t h  month and l a t i t u d e ,  

where n must be observed.  Values o f  Ra i n  mm/day f o r  d i f f e r e n t  months 

and l a t i t u d e s  can  be found i n  s t a n d a r d  t a b l e s .  As i s  o b t a i n e d  i n  mean 

e q u i v a l e n t  e v a p o r a t i o n  i n  mm/day f o r  t h e  p e r i o d  cons ide red .  

C loud iness  o b s e r v a t i o n s  c a n  be used t o  c a l c u l a t e  Rs a s  o u t l i n e d  by 

Doorenbos and P r u i t t  (1977). 

The we igh t ing  f a c t o r  (W) r e r l e c t s  t h e  e f f e c t  o l  t e m p e r a t u r e  and 

a l t i t u d e  on t h e  r e l a t i o n s h i p  between Rs and ETo and is c a l c l a t e d  as: 



Table A - 1 .  Mean d a i l y  percentage ( p )  o f  annual daytime hours f o r  
d i f f e r e n t  l a t i t u d e s  i n  t h e  northern hemisphere. (From 
Doorenbos and P r u i t t ,  1977).  

Latitude Jan Feb Mar Apr May June Ju ly  Aug Sept Oct Nov Dec 
- - - - - - - - - - - 



where: D = t h e  rate o f  change of t h e  s a t u r a t i o n  vapor  p r e s s u r e  
w i t h  t e m p e r a t u r e  

C : t h e  psychromet r i c  c o n s t a n t  

The t empera tu re  a t  which D i s  c a l c u l a t e d  shou ld  be t h e  mean a i r  

t empera tu re  i n  deg. C e l s i u s  f o r  t h e  p e r i o d  cons ide red .  Where 

t empera tu re  is g i v e n  a s  Tmax and Tmin, t h e  t empera tu re  (Tmax+Tmin)/2 

should  be used.  

The ad jus tment  f a c t o r  ( c )  is g i v e n  by t h e  r e l a t i o n s h i p  between t h e  

r a d i a t i o n  term (W'Rs) and r e f e r e n c e  c r o p  e v a p o t r a n s p i r a t i o n  (ETo) and is 

shown g r a p h i c a l l y  i n  F i g u r e  A-3. It depends g r e a t l y  on g e n e r a l  levels 

o f  mean r e l a t i v e  humidi ty  (RHmean) and dayt ime wind (0700 h o u r s )  a t  2 m 

h e i g h t  above t h e  s o i l  s u r f a c e .  

FAO-PENMAN METHOD 

For a r e a s  where measurements o f  t empera tu re ,  humidi ty ,  wind and 

s o l a r  r a d i a t i o n  a r e  a v a i l a b l e ,  a n  a d a p t i o n  of  t h e  Penman method (1948) 

may be used; compared t o  t h e  o t h e r  FA0 methods p r e s e n t e d  i t  is l i k e l y  t o  

p rov ide  t h e  most s a t i s f a c t o r y  r e s u l t s  (Doorenbos and P r u i t t ,  1977). 

The o r i g i n a l  Penman (1948)  e q u a t i o n  p r e d i c t e d  e v a p o r a t i o n  l o s s e s  

from an open w a t e r  s u r f a c e  (Eo j .  Exper imenta l ly  determined c r o p  

c o e f f i c i e n t s  r a n g i n g  from 0.6 i n  w i n t e r  months t o  C.8  i n  summer months 

r e l a t e d  Eo t o  grass e v a p o t r a n s p i r a t i o n  f o r  t h e  c l i m a t e  i n  England. The 

Penman e q u a t i o n  c o n s i s t e d  of  two terms: t h e  energy  ( r a d i a t i o n )  term and 

t h e  aerodynamic (wind and humidi ty)  term. The r e l a t i v e  importance  of  

each term v a r i e s  w i t h  c l i m a t i c  c o n d i t i o n s .  Under calm wea the r  

c o n d i t i o n s  t h e  aerodynamic term is u s u a l l y  less impor tan t  t h a n  t h e  



2. U daytime- 2 - 5  m/see , , . 
1. u daytime; 0 - 2  m/see 
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i RHmean LOW (< 40U/o) 
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W. Rs ,  mm/day 

I RHmean Low-Medium (40-55%) 
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F i g u r e  A-3.  Prediction of ETo from W.RS for  different conditions of mean 
relative humidity and day time wind. From Doorenbos and P r u i t t  ( 1 9 7 7 ) .  



energy  term. Under windy c o n d i t i o n s  and p a r t i c u l a r l y  i n  more a r i d  

r e g i o n s  t h e  aerodynamic term becomes more impor tan t .  The FAO-Penman 

i n c l u d e s  a wind f u n c t i o n  which is d i f f e r e n t  from t h e  o r i g i n a l  Penman 

equa t ion .  

The form o f  t h e  FAO-Penman e q u a t i o n  is: 

r a d i a t i o n  aerodynamic 
term term 

where: ET = g r a s s  r e f e r e n c e  e v a p o t r a n s p i r a t i o n  i n  mm/day 
= weigh t ing  f a c t o r  which depends on t e m p e r a t u r e  

and a l t i t u d e  ( s e e  r a d i a t i o n  method) 
R E n e t  r a d i a t i o n  i n  e q u i v a l e n t  e v a p o r a t i o n  i n  m / d a y  

f ( U P  = wind-re la ted  f u n c t i o n  
(ea-ed) = d i f f e r e n c e  between t h e  s a t u r a t i o n  vapor  p r e s s u r e  

a t  mean a i r  t e m p e r a t u r e  and t h e  mean a c t u a l  vapor  
p r e s s u r e  o f  t h e  air,  b o t h  i n  mbar 

The sugges ted  wind f u n c t i o n  a p p l i e s  t o  c o n d i t i o n s  found d u r i n g  

summer, w i t h  moderate winds,  RHmax o f  abou t  70 p e r c e n t  and day-night 

wind r a t i o s  of 1.5 t o  2.0;  no ad jus tment  is r e q u i r e d  f o r  t h e s e  

c o n d i t i o n s .  However, i f  24-hour wind t o t a l s  a r e  used t h e r e  w i l l  be an  

u n d e r - p r e d i c t i o n  of ETo by 15 t o  30 p e r c e n t  i n  a r e a s  where daytime wind 

g r e a t l y  exceeds  n i g h t t i m e  wind, where RHmax approaches  100 p e r c e n t ,  and 

where r a d i a t i o n  is high.  Conversely ,  f o r  a r e a s  e x p e r i e n c i n g  moderate t o  

s t r o n g  wind, where n i g h t t i m e  humid i ty  (RHmax) is low, and where 

r a d i a t i o n  is low, t h e  e q u a t i o n  w i l l  o v e r - p r e d i c t  ETo; t h i s  

o v e r - p r e d i c t i o n  i n c r e a s e s  w i t h  d e c r e a s i n g  r a t i o s  o f  Uday/Unight. Under 

t h e s e  c o n d i t i o n s  a n  ad jus tment  f a c t o r  ( c )  ( c o r r e c t e d  Penman) shou ld  be 

a p p l i e d .  



The mean actual vapor pressure may be measured or calculated from 

measured air temperature and relative humidity data or wet and dry bulb 

or dewpoint measurements. 

The effect of wind on ETo is included in the FAO-Penman method in 

the wind function term of the form: 

where U is 24-hr wind run in km/day at 2 m height. This expression is 

valid when (e -ed) is expressed in mbar and is calculated according to a 

the methods suggested by Doorenbos and Pruitt (1977). 

Net radiation (Rn) is the difference between all incoming and 

outgoing radiation. It can be measured, but such data are seldom 

available. Rn can be calculated from solar radiation or sunshine hours 

(or degree of cloud cover), temperature,humidity data and albedo. For 

most crops, albedo (reflectance) is 0.25. 

To obtain total net radiation R ) ,  the algebraic difference 

between net incoming shortwave radiation (Rns) and net outgoing longwave 

radiation (Rnl) is calculated as: 

If measured solar radiation (As) is not available, it can be 

calculated using equation A-3. 



Net shor twave r a d i a t i o n  (RnS) is c a l c u l a t e d  as: 

where A is t h e  c r o p  a lbedo .  

Net longwave r a d i a t i o n  (Pinl) can  be determined from a v a i l a b l e  

t empera tu re  (TI, vapour  p r e s s u r e  ( e d )  and r a t i o  n/N d a t a  as d e s c r i b e d  by 

Doorenbos and P r u i t t  (1977) .  

The FAO-Penman equa ion  g i v e n  assumes t h a t  most common c o n d i t i o n s  

are where r a d i a t i o n  i s  medium t o  h i g h ,  maximum r e l a t i v e  humid i ty  i s  

medium t o  h i g h  and moderate daytime wind is abou t  double  t h e  n i g h t t i m e  

wind. However, t h e s e  c o n d i t i o n s  a r e  n o t  a lways  met and c o r r e c t i o n  t o  

t h e  Penman e q u a t i o n  is r e q u i r e d .  

r a d i a t i o n  aerodynamic 
term term 

T h i s  e q u a t i o n  is t h e  same as t h e  FAO-Penman w i t h  t h e  a d d i t i o n  o f  c ,  a n  

ad jus tment  f a c t o r  t o  compensate f o r  t h e  e f f e c t  of  day and n i g h t  weather  

c o n d i t i o n s .  Table  A-2 p r e s e n t s  t h e  v a l u e s  of  c  f o r  d i f f e r e n t  c o n d i t i o n s  

of RHmax, Rs, Uday and Uday/Unight. The i n f o r m a t i o n  f o r  u s i n g  Table  A-2 

may be d i f f i c u l t  t o  o b t a i n  from a v a i l a b l e  c l i m a t i c  r e c o r d s  b u t  i t  can  

u s u a l l y  be d e r i v e d  f o r  t h e  d i f f e r e n t  s e a s o n s  from pub l i shed  wea the r  

d e s c r i p t i o n s  o r  from l o c a l  s o u r c e s .  Winter  c o n d i t i o n s  r e q u i r e  low c  



- - - 

Table  A-2. Adjustment f a c t o r  ( 0 )  i n  correc ted  Penman e q u a t i o n .  

RHmax = 30% 

Rsmm/day 3 6 9 12 

Uday m / s  

0 
3 
6 
9 

0 
3 
6 
9 

0 
3 
6 
9 

0 
3 
6 
9 



values smaller than 1.0 to compensate for low radiation, non-summer 

conditions (similar factors no doubt caused the use of winter crop 

coefficients of 0.6 as compared to 0.8 for mid-summer in the original 

1948 Penman method). 

Procedures for applying the original Penman (Penman, 1943), were 

modified by Wright and Jensen (1978) and Wright (1982) to improve 

estimates of net radiation and reference ET throughout the growing 

season, particularly the early and later portions. The result of 

improvements made to the Penman is the Wright-1982 equation, which can 

be used to estimate daily alfalfa reference ET. 

The Wright method described in this section is used to estimate 

daily reference ET for an alfalfa crop which is well watered, actively 

growing, and at least 30 cm tall. The alfalfa reference is meant to 

represent the maximum expected level of crop ET for existing climatic 

conditions. The modified combination equation presented by Wright 

(1982) is: 

in which Etr = the computed reference evaporative flux on a water depth 

equivalent basis, Rn = the net radiation, G = the soil heat flux, Wf = a 

wind function and is dependent upon daily wind travel, (es-ed) : the 

mean daily saturation vapor pressure deficit, D = the slope of the 

saturation vapor pressure temperature curve, C = the psychrometric 



constant, 15.36 = a constant resulting from unit conversion, and L = the 

latent heat of evaporation. 

The following outline for applying Wright-1982 was reported by 

Wright (1982) and should be closely followed for proper application of 

the method (Burman, et al, 1980). 

The latent heat of evaporation is calculated by Wright (1982) as: 

in which Ta = the mean daily air temperature in Celsius and the 

coefficient 0.1 converts Etr to millimeters per day. The terms D/(D+C) 

and C/(D+C), whose sum equals one, are temperature and pressure 

dependent, and weight the two components of the equation. The term 

D/(D+C) is equivalent to W used in the FA0 radiation and Penman methods. 

However, it is not calculated in the same manner. The D and C terms are 

calculated by Wright (1982) as: 

which is valid for Ta2-23 deg. C., and 

in which c : the specific heat of air and P = the atmospheric pressure. 
P 

The mean values used for Kimberly were c = 0.24 g-'~-' and P = 875 
P 

mbar. 



The soil heat flux, G, is estimated from changes in daily air 

temperature by: 

in which T = the mean air temperature for the preceding three days, and 
P 

Cs = an empirical, specific heat coefficient for the soil. For 

Kimberly, cs on a surface soil basis is approximately nine cal cm -2 ,y l  

Measured net solar radiation (I?,), as required for E q .  A-10, is 

usually not available for a continuous crop of alfalfa. Therefore, Rn 

is estimated from daily solar radiation, temperature and humidity data 

as: 

in which Rs = the measured incident solar radiation, A = the crop 

albedo, Rb : net outgoing longwave radiation, RSo = clear day solar 

radiation, Rbo = net clear day outgoing longwave radiation, a, = a 

parameter for estimating the effective emittance of the atmosphere, ed = 

-8 the saturation vapor pressure at mean dewpoint temperature, (11.71~10 

= the Stefan-Boltzman constant, and T2,T1 = maximum and minimum daily 

Kelvin air temperature. 

Crop albedo is varied with date (Wright, 1982) to account for sun 

angle effects. For mostly clear days when (RS/Rso) is greater than 0.7, 

the albedo is calculated by: 



i n  which M = t h e  number o f  t h e  month (1-121, N = t h e  day o f  t h e  month, 

and t h e  s i n e  f u n c t i o n  is i n  d e g r e e s .  M and N a r e  combined t o  

approximate  t h e  day of t h e  y e a r  i n  a manner s o  t h a t  t h e  s i n e  f u n c t i o n  

e q u a l s  -1 on June 21; t h u s  A = 0.23,  and 0 on September 21 when A = 

0.29. An approx imate ly  e q u i v a l e n t  t e rm f o r  Eq. A-18 is SIN(D+96) i n  

which D = t h e  day o f  t h e  y e a r .  An A of 0.30 is sugges ted  by Wright 

(1982) f o r  c loudy days  when (Rs/Rso) is l e s s  t h a n  o r  e q u a l  t o  0.7. 

C o e f f i c i e n t s  used f o r  Eq. A-16, when (Rs/Rso) i s  g r e a t e r  t h a n  0.7,  

a r e  a = 1.126, and b r -0.07. When (Rs/Rso) is less than  o r  e q u a l  t o  

0.7, c o e f f i c i e n t s  a r e  a = 1.017 and b = -0.06. 

The c o e f f i c i e n t  a o f  Eq. A-17 is v a r i e d  t o  accoun t  f o r  s e a s o n a l  1 

changes i n  t h e  e a r t h ' s  n e t  e m i s s i v i t y  due t o  changes i n  day l e n g t h  and 

upper a tmospher ic  c o n d i t i o n s  by: 

Th i s  is a "normalt* d i s t r i b u t i o n  e q u a t i o n  (Wright ,  1982).  The 

e x p o n e n t i a l  term h a s  a maximum v a l u e  of  1 on June  27;  t h u s  a - 0.36, 
1 - 

and a minimum v a l u e  of 0 on about  March 1 and October 30,  when a - 
1 - 

0.26, The approximate  day  of t h e  y e a r  e q u i v a l e n t  is: 

e x p 1 - [ 0 . 0 1 5 4 ( ~ - 1 8 0 ) 1 ~ ~ .  The wind f u n c t i o n  o f  Eq. A-10 i s  ob ta ined  by: 



i n  which aw and bw = empirical  c o e f f i c i e n t s  dependent upon t h e  

aerodynamic c h a r a c t e r i s t i c s  of t h e  crop su r face  and t h e  genera l  na ture  

of the  looa t ion  a s  i t  a f f e c t s  s e n s i b l e  heat  advect ion;  and U2 = the  24 

hour d a i l y  wind a t  2 meters.  Time dependent funct ional  r e l a t i o n s h i p s  

were developed by Wright (1982) f o r  Kimberly, Idaho, t o  permit varying 

Wf t o  account f o r  t h e  seasonal  changes i n  s e n s i b l e  hea t  advection. This 

i s  caused by changes i n  t h e  dryness of a r i d  surrounding a r e a s ,  and 

changes i n  t h e  r e l a t i v e  proport ion of daytime wind t r a v e l  (Wright,1982). 

The wind func t ion  c o e f f i c i e n t s  a r e  ca lcula ted  as: 

The vapor pressure  d e f i c i t ,  (es-e . I ,  of Eq. A-10 is ca lcula ted  
0. 

from es a s  t h e  average of t h e  two s a t u r a t i o n  vapor pressures  

corresponding t o  t h e  d a i l y  maximum and minimum a i r  temperature, and ed 

a s  t h e  s a t u r a t i o n  vapor pressure f o r  t h e  measured 0800 h r  dewpoint 

temperature, T 
dp' 

The ed term is assumed t o  r ep resen t  t h e  d a i l y  average 

vapor pressure. This procedure d i f f e r s  from t h e  FAO-Penman methods. 

The respec t ive  s a t u r a t i o n  vapor pressures  can be ca lcula ted  by t h e  

empir ical  polynomial equat ion presented by Wright (1982): 



i n  which T = t h e  r e s p e c t i v e  C e l s i u s  t empera tu re ,  c - 6.105, c ,  = 4.44 x 0 - 
-2 -4 -6 lo- ' ,  c2  = 1.434 x 10 

C3 : 2.623 x 10 , c4  = 2.953 x 10 , C5 = 

2.559 x 

Equa t ions  A-10 through A-23 and d e s c r i p t i o n s  f o r  u s e  were e x e r p t e d  

from Wright (1982) .  

SCS-BLANEY-CRIDDLE - 

The SCS-Blaney-Criddle (SCS-BC), a l s o  termed TR21 (Techn ica l  

Release  no 21,  1967) i n  t h e  FA024 computer program i s  u n l i k e  t h e  o t h e r  

ET methods p r e s e n t e d  i n  t h a t  i t  does  n o t  p r e d i c t  ET by a s p e c i f i c  

r e f e r e n c e  crop.  Ra the r ,  ET f o r  any c r o p  must be c a l c u l a t e d  u s i n g  

s p e c i a l  c o e f f i c i e n t s  p resen ted  by t h e  SCS (1967b) .  These c o e f f i c i e n t s  

are n o t  t h e  same as c o e f f i c i e n t s  used w i t h  a n  a l f a l f a  r e f e r e n c e  ET 

method. The SCS-BC method is o f  t h e  form: 

where U i s  t h e  monthly consumptive use  of a c rop  i n  i n c h e s ;  K t  is a 

c l i m a t i c  c o e f f i c i e n t  r e l a t e d  t o  mean a i r  t empera tu re .  Kt z 

0.173t-0.314, where t is mean a i r  t empera tu re  i n  F a h r e n h e i t .  Kc is a 

c o e f f i c i e n t  r e f l e c t i n g  t h e  growth s t a g e  of a s p e c i f i c  crop.  Values f o r  

Kc can  be s e l e c t e d  from c u r v e s  p r e s e n t e d  i n  Techn ica l  Re lease  21 (SCS, 

1967b).  

The t term i n  Eq. - 2  is mean a i r  t empera tu re  i n  d e g r e e s  

F a h r e n h e i t ,  The p term r e p r e s e n t s  t h e  monthly pe rcen tage  of  d a y l i g h t  

h o u r s  i n  t h e  month. Values o f  p a r e  t a b u l a r i z e d  i n  Technical  Release  



21. This p is t h e  same a s  t h a t  used by FAO-Blaney-Criddle. 

Jensen and Haise (1963) evaluated 3,000 observat ions of ET a s  

determined by s o i l  sampling procedures over a 35-year period. From 

about 100 values f o r  well-watered crops  w i t h  f u l l  cover i n  t h e  western 

United S t a t e s ,  a l i n e a r  r e l a t i o n s h i p  between ET/Rn and mean a i r  

temperature was apparent ,  where R n  is ne t  r ad ia t ion .  The form of  t h e  

Jensen-Haise equat ion is: 

where E r ep resen t s  p o t e n t i a l  evapot ranspi ra t ion ,  CT is a temperature 
tP  

coe f f i c i en t ,  and Tx is t h e  i n t e r c e p t  of the  temperature ax i s .  These 

c o e f f i c i e n t s  a r e  considered a s  cons tants  f o r  an area.  Constants f o r  Eq. 

A-25 were i n i t i a l l y  Ct  = 0.014 and T, : 26.4 f o r  temperature i n  deg. 

Fahrenhei t ,  and 0.025 and -3 f o r  temperature i n  deg. Celsius .  Jensen 

( 1 9 6 6 )  l a t e r  defined Ct a s :  

and 

where e2 and e l  a r e  the  s a t u r a t i o n  vapor pressures a t  t h e  mean maximum 

and mean minimum temperatures,  r e spec t ive ly ,  f o r  t h e  warmest month of 



t h e  y e a r  i n  a n  a r e a ,  and C2 = 13 deg. F a h r e n h e i t  o r  7.6 deg. C e l s i u s .  

Jensen e t  a 1  (1970)  d e f i n e d  C ,  : 68 deg.  F  - (3.6 deg. F X e l e v a t i o n  

i n f t / l O O O f t ) ,  and Tx = 27.5 deg. F  - 0 . 2 5 ( e 2 - e l ) d e g .  F /mb-  

( e l e v a t i o n / 1 0 0 0 )  deg. F. For t e m p e r a t u r e s  i n  d e g r e e s  C e l s i u s ,  C, = 38 

- ( 2  deg. C X e l e v a t i o n  i n  m/305) and Tx = -2.5 - 0.14(e2-el )  deg. 

C/mb - e l e v a t i o n  (m)/550. 

Crop c o e f f i c i e n t s  based on a l f a l f a  o r  g r a s s  r e f e r e n c e  s h o u l d  n o t  be 

used w i t h  p o t e n t i a l  ET a s  c a l c u l a t e d  u s i n g  Jensen-Haise.  I n s t e a d ,  c r o p  

c o e f f i c i e n t s  based on t h e  Jensen-Haise method should  be used ( J e n s e n  e t  

a l ,  1970).  

The Jensen-Haise method was i n c l u d e d  i n  t h e  FA024 computer program 

d u r i n g  t h i s  s tudy .  



Table 8-1. Average monthly va lues o f  ET and ETr c a l c u l a t e d  us ing  FA0 
methods, Wright-1 982, and ~ 8 ~ - B l a n e ~ - ~ r i d d l e  a t  Kimberly, 
Idaho, 1965-78. 

A p r i l  May June Ju ly  August Sept. Oct. 
- - - -  - -  

Grass Reference ETo, mm/day 

FAO-BC Mean* 3.52 5.44 6.94 7.94 6.81 4.73 2.63 
s h o r t  term Std Dev .78 .80 .76 .39 .79 .62 .42 

FAO-BC Means* 3.46 5.44 7.07 8.03 6.79 4.73 2.63 
long term Std Dev .38 .39 .30 .22 .40 .41 .23 

FAO-Rad i a t  i on Mean 4.10 5.80 6.77 7.36 6.18 4.48 2.63 
Std Dev .76 .70 .67 .39 .64 .50 .31 

FAO-Penman Mean 4.55 5.86 6.62 6.89 5.99 4.57 2.98 
Std Dev .73 .55 .61 .33 .57 .44 .27 

FAO-Ct. Penman Mean 4.48 6.10 7.09 7.51 6.41 4.58 2.77 
S td  Dev .76 .61 .65 .33 -58 .44 .28 

A l f a l f a  Reference ETr, mm/day 

Wright-1982 Mean 4.20 6.21 7.54 7.99 6.84 5.12 3.19 
S l d  Dev . 7n , "  .65 .75 .42 .69 .54 .31 

SCS-Blaney-Criddie a l f a l f a  hay ET, mm/day 

SCS-Blaney-Cr. Mean 1.62 3.13 4.79 5.82 4.79 2.85 1.42 
Std Dev .30 .39 .38 .29 .48 .39 . I 6  

Wright-1 982 Mean 2.60 5.78 6.64 6.47 5.20 3.48 1.15 
Std Dev .43 .60 .66 .34 .52 .37 .ll 

* Using monthly mean a i r  temperature and monthly mean minimum r e l a t i v e  
humid i ty ,  daytime windspeed, and percen t  sunshine hours. 

** Using monthly mean a i r  temperature and long term (14 year )  average monthly 
r e l a t i v e  humid i ty ,  daytime windspeed, and percen t  sunshine hours. 

FAO-BC c a l c u l a t i o n s  inc lude  a 10% upward ad jus iment  per  1000 meters e iev .  



Table 8-2. Average month ly  vat ues of  ET and ETr c a i  c u l  a t ed  us ing FA0 
methods, Wright-1982, and SC?-Blaney-Criddie a t  W i  l der, 
Idaho, 1973-1980. 

- -- 

A p r i l  May June J u l y  August Sept. Oct. 
- - - - -- 

Grass Reference €To, mm/day 

FAO-BC Mean* 3.79 5.23 6.88 7.66 6.22 4.57 2.41 
s h o r t  term Std Dev .82 .80 1.09 .66 .65 .69 .40 

FAO-BC Mean** 3.96 5.47 7.61 8.72 7.25 5.33 2.61 
long term Std Dev .40 .33 .53 .50 .40 .39 .16 

FAO-Radiation Mean 4.17 5.43 6.58 7.17 5.81 4.27 2.43 
Std Dev .76 .99 1.24 .63 .75 .68 .47 

FAO-Penman Mean 4.43 5.43 6.36 6.59 5.35 3.95 2.43 
Std Dev .80 .73 .79 .45 .59 .52 .20 

FAO-Ct. Penman Mean 4.37 5.54 6.62 6.85 5.58 4.06 2.40 
Std Dev .74 .79 .91 .45 .60 .55 .25 

A l f a l f a  Reference ET,, mm/day 

Wright-1982 Mean 4.20 5.94 7.47 7.72 5.98 4.28 2.59 
Std Dev .74 .83 -93 .56 .62 .64 .27 

SCS-Bianey-Criddle a l f a l f a  hay ET, mrn/day 

SCS-Blaney-Cr. Mean 2.25 3.71 5.69 6.87 5.46 3.58 1.67 
Std Dev .41 .38 .72 .53 .55 .45 .16 

- -- 
* Using month1 y mean a i r  temperature and month!; mean minimum r e l a t i v e  

humid i ty ,  dayt ime windspeed, and percen t  sunshine hours. 
** Using monthly mean a i r  temperature and iong term (14 yea r )  average monthly 

r e l a t i v e  humid i ty ,  dayt ime windspeed, and pe rcen t  sunshine hours. 

FAO-BC c a l c u l a t i o n s  inc lude  a 10% upward ad justment  per  1000 meters e lev .  



T a b l e  B-3. Average month1 y va lues  o f  ET and ETr c a l c u l a t e d  u s i n g  FA0 
methods, Wright-1 982, and ~ ~ ? - ~ l a n e ~ - ~ r i d d l e  a t  Aberdeen, 
Idaho, 1978-1 980. 

A p r i l  May June J u i  y August  Sept. 
- - - - 

Grass Reference ET 0' mm/day 

FAO-BC Mean* 2.79 3.99 6.04 7.42 6.01 4.54 
s h o r t  t e rm S t d  Dev -12 .69 .32 .37 .32 .77 

FAO-BC Mean** 3.64 5.18 7.44 8.44 6.90 5.02 
l ong  t e r m  S t d  Dev . I 5  .35 -25 -14 .21 .36 

FAD-Radiation Mean 3.13 3.97 5.87 6.66 5.32 4.04 
S t d  Dev .29 .68 -26 .66 .66 .65 

FAO-Penman Mean 3.51 4.27 5.55 6.25 5.22 4.12 
S t d  Dev .14 -58 .24 .39 .23 .45 

FAO-Ct. Penman Mean 3.44 4.35 6.00 6.77 5.50 4.16 
S t d  Oev .21 .69 .28 .49 .35 .55 

A l f a l f a  Reference ETr, mm/day 

Wright-1 982 Mean 3.34 4.66 6.43 7.47 6.07 4.71 
S t d  Dev -19 .74 -28 .35 -27 -62 

SCS-Bianey-Criddle a i f a i f a  hay ET, mm/day 

SCS-Blaney-Cr. Mean 1.55 2.80 4.32 5.45 4.36 2,95 
S t d  Dev -00 -34 .30 .15 -22 .33 

* Us ing  mon th ly  mean a i r  t empera tu re  and mon th iy  mean minimum r e l a t i v e  
humid i t y ,  dayt ime windspeed, and p e r c e n t  sunsh ine hours.  

** Us ing  mon th ly  mean a i r  t empera tu re  an0 long  te rm ( 1 4  y e a r )  average mon th ly  
r e l a t i v e  humid i t y ,  dayt ime windspeed, and p e r c e n t  sunsh ine hours. 

FAO-BC c a l c u l a t i o n s  i n c l u d e  a 108 iipward ad jus i i i l en t  p e r  1000 mete rs  e i e v .  



Table B-4. Average monthly va lues of  ET and E l r  c a l c u l a t e d  us ing  FA0 
methods, Wright-1 982, and SC?-BI aney-Criddl e a t  Rexburg, 
Idaho, 1 978-1 980. 

A p r i l  May June Ju l y  August Sept. Oct. 
- - ----- 

Grass Reference ETo, mm/day 

F AO-BC Mean* 3.07 4.62 6.69 7.77 6.42 4.77 2.54 
s h o r t  term Std Dev .74 .91 .85 .28 .36 .77 .60 

FAO-BC Mean** 3.86 5.47 7.15 8.47 6.87 5.07 2.49 
long term Std Dev .56 .22 .32 .02 .29 .20 .35 

FAO-Radiation Mean 3.51 4.76 6.50 7.00 5.74 4.22 2.60 
S td  Dev .55 .92 .59 .21 .41 .59 .53 

FAO-Penman Mean 3.91 5.10 6.42 6.77 5.76 4.53 2.99 
S td  Dev .53 1.06 .75 .21 -30 .54 .45 

FAO-Ct. Penman Mean 3.75 5.15 6.74 7.18 5.96 4.42 2.73 
S td  Dev .57 1.13 .74 .22 .29 .61 .45 

A l f a l f a  Reference ET,, mm/day 

W r  ight-1982 Mean 3.73 5.45 7.35 7.99 6.81 5.27 3.23 
Std Dev .54 1 . I 2  .84 .39 .30 .91 .48 

SCS-Bianey-Criddle a l f a i f a  hay ET, mm/day 

SCS-Blaney-Cr. Mean 1.64 2.85 4.24 5.47 4.34 2;95 1.38 
Std Dev .39 .25 .32 .03 .32 . I 7  .23 

A 

* Using monthly mean a i r  temperature and monthly mean minimum r e l a t i v e  
humid i ty ,  daytime windspeed, and percen t  sunshine hours. 

** Using monthly mean a i r  temperature and long term (14 year)  average monthly 
r e l a t i v e  humidi ty,  daytime windspeed, and percen t  sunshine hours. 

FAO-BC c a l c u l a t i o n s  inc lude  a 10% upward adjustment per  1000 meters e iev.  



Table 8-5, Average secondary weather parameters c a i c u i a t e d  f o r  USBR 
s t a t i o n s  and f o r  t h e  USDA s t a t i o n  a t  Kimberly.  

Parameter A~ne sQ&. QLt .  

KIMBERLY, IDAHO 1965-78 El e v a t i  on--1 195 meters 

n r a t i o  .67 .73 .75 -83 .78 .76 .69 
min.RM ( $ 1  37. 34. 34. 30. 30. 31. 34. 
daywind (m/s) 4.7 4.0 3.6 2.8 2.8 3.1 3.3 
D/N r a t i o  i,63 1.56 1.65 1.72 1-88 1,63 1.63 
s o l a r  (mm/d) 8,64 10.61 10.93 11,22 9.60 7.75 5.47 
max.RH ( $ 1  86. 86, 86. 86. 85. 86. 89. 
ave,RH ($1 62. 60, 60, 58. 57. 58. 61. 

WILDER, !DWO (USBR) 1973-80 El evation--747 meters 

n r a t i o  .66 .7O -74 -76 .72 .73 .66 
min.RH (I$) 34. 30, 27, 25. 27. 27, 34. 
daywind (m/s) 2.6 2.4 2.0 1.5 1.2 1.1 1 .3u 
D/N r a t l o  1.16 1.23 1.30 1.24 1.24 1.70 1.01 
s o l a r  (mm/d) 8.10 9.63 10.62 10.38 8.92 7.36 5.27 

ABERDEEN, IDAHO (USBR) 1978-80 Elevation--1363 meters 

n r a t i o  .52 -48 .71 .79 -71  .70 
min.RN ($ )  38. 38. 36. 30. 29. 30. 
daywind(m/s )  3 - 0  2.6 2.5 2.3 2.0 2.1 
D/N r a t i o  1.43 1.39 1-53 1.51 1.38 1.27 
s o l a r  (mm/d) 7.01 7.79 10.38 10.65 8.91 7.31 

RUPERT, IDAHO IUSBR) 1977 El evation--1259 meters 

n r a t i o  .66 -70 - 72  -02 -78 -76 "69 
min.RH ( % I  37, 35, 34. 30. 29. 31, 34. 
daywind(rn/s)  4,6 3.8 3.4 2,7 2 -8  2.9 3.2 
D/M r a t i o  1-67 1.55 1 -64  1.70 1-85 1 -62  1.63 
so iar (mrn/d)  8 - 0 2  9.70 10.42 10.90 9.37 7 -34  5.34 

REXBURG, IDAHO IUSBR) 1978-80 Elevation--1481 meters 

--..A, 
i ~ i  a8 + u  K fi *, 3 i R -," 7 s; * 3 2 

xn -"" 76 -73 . . - .ha 
min.RH ( $ 1  42, 40. 35. 32, 31. 31. 27, 
daywind (m/sl  4.0 3.7 3.5 2 - 9  2.8 2.7 2.4 
D/N r a t i o  1,31 1.25 1 -32  1.30 1-27 1.14 1.11 
s o l a r  (mm/d) 7.34 8.69 10.72 10-72 9,14 7,19 5.14 

Day/n ight  wind r a i i o s  ID/N) t o r  W i  ider ,  Aberdeen, Rupert  and 
Rexburg were taken Prom PNWRRC da ia  f o r  Bolse, Poca te l lo ,  Kfmberly and 
Idaho Falls, These r a i i o s  were used to c a i c u l a i e  dayt ime wind, 



RRTIO OF WRIGHT-1382 TO FRO-EC 
WITHOUT ELEVATION CORRECTION 
WILDER 1973-86 

O M I G H T - 1 9 8 2 / F R U - B C  

c 6 l n B E R L Y  REF. RRTIO 

F i g u r e  8.1. R a t i o  o f  WRIGHT-1982 t o  FAO-BC w i t h o u t  e l e v a t i o n  c o r r e c t i o n  f a r  W i l d e r ,  1973-1980 a n d  
K i m b e r l y  r e f e r e n c e  r a t i o s  for no e l e v a t i o n  c o r r e c t i o n .  

1 . a  R R T I O  OF WRIGHT-1382 TD FRO-BC 
1 . 6  WITHOUT ELEVRTION CORRECTION 
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F i g u r e  8 - 2 .  R a t i o  o f  WRIGHT-1982 t o  FAO-8C w i t h o u t  e l e v a t i o n  c o r r e c t i o n  f o r  Aberdeen, 1918-1980 and 
K i m b e r l y  r e f e r e n c e  r a t i o s  f a r  no e l e v a t i o n  c o r r e c t i o n .  
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1 . 8  RRTIO OF WRIG T-I382 T O  FQO-EC 

- 1 .e WITHOUT o ELEVR ION CORRECTION, 

U WRIGHT-1992,FRO-BC 

i-- k 1 n B E R L Y  REF. R R T I D  

iigure 6.3. R a t i o  o f  WRIGHi-1982 t o  FAO-BC w i t h o u t  e l e v a t i o n  c o r r e c t i o n  fo r  Rexbuig. 1978-1980  a n d  Kimberly 
reference r a t i o s  f o r  00 e l e v a t i o n  c o r r e c t i o n .  
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F i g u r e  0-4. Long- te rm a v e r a g e  minimum r e l a t i v e  h u m i d i t y  f o r  f i v e  o f  e l e v e n  I d a h o  weather s t a t i o n s  
f e p o r t e d  by t h e  P a c i f i c  Nor thwes t  R i v e r  B a s i n s  Comrni i r ion (PNRBCI and f o r  K i m b e r l y .  
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F i g u r e  B-5. I.ong-term a v e r a g e  a ln imuin r e l a t i v e  h u m i d i t y  f o r  s i x  o f  e l e v e n  Idaho  weather s t a t i o n s  
r e p o r t e d  by t h e  P a c i f i c  Nor thwes t  R i v e r  Bas ins  Commission IPNRBC) and f o r  K i m b e r l y .  
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F i g u r e  8 - 6 .  Long- te rm a v e r a g e  t o t a l  sky solar  r a d i a t i o n  f a r  s i x  o f  t w e l v e  Idaho  weather  s t a t i o n s  
r c p o r t e d  by S a t t e r l u n d  and Means 11975) and USOA solar  r a d i a t i o n  da ta  fa r  K i m b e r l y  
( T w i n  F a l l s  1965.78). 

F i g u r e  8-7. Long-term average  t o t a l  sky s o l a r  r a d i a t i o n  f o r  s i x  o f  t w e l v e  I d a h o  weather  s t a t i o n s  
r e p o r t e d  by S a t t e r l u n d  and M e a n s  ( 1 9 7 s ) .  
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F i g u r e  8-10.  Dayt ime w ind  speeds a t  two meters f a r  f i v e  o f  elevan i daha  weather  s t a t i o n s  reported 
by t h e  P a c i f i c  Nor thwes t  R i v e r  B a s i n s  Cornmi i i i on  (PNRBC, 1968) and  a t  K i m b e r l y .  

F i g u r e  9 -11 .  Daytime w i r l d  speeds a t  iwa meters f o r  i i v e  o f  e l e v e n  Ida110 weather s t a t i o n s  r e p o r t e d  
by t h e  P a c i f i c  I l o r t h w c i t  R i v e r  B a s i n s  Co,nmis i ion (PNPBC, 19681 and  a t  K i m b e r l y .  



Table C-1. NOAA weather s t a t i o n  d e s c r i p t o r s  and weather tape in format ion.  

Elev NOAA No. S t a r t  End 
NoSS CAA.RLa t .  Long. ( f t )  No. Rec Rec Rec S ta t ionName 

1 8*49# 4584258 1 1250 4405 10 754 1 754 Aberdeen Exp. S t a t i o n  
2 8 49 60 4247 11252 4318 227 661 1312 1972 American F a l l s  1 SW 
3 4 26 65 4321 11528 3882 282 456 1973 2428 Anderson Dam 
4 8 19 45 4230 11 234 5170 347 210 2429 2638 Arbon 2 NW 
5 9 13 55 4336 11320 5328 375 675 2639 3313 Arco 3 SW 
6 9 28 30 4404 11 127 5260 470 756 4069 4824 Ashton 
7 1 09 20 4759 11633 2075 667 392 6301 6692 Bayview Model Basin 
8 9 07 40 4310 11221 4487 915 733 7098 7830 B l a c k f o o t  2 SSW 
9 5 31 35 4258 11500 3275 1002 736 8226 8961 Bl  l s s  

10 3 01 75 4334 11613 2838 1022 361 9380 9740 Boise WSO AP 
11 1 11 25 4841 11619 1860 1079 588 9741 10328 Bonners Fe r r y  1 SW 
12 4 24 40 4253 11548 2530 1195 304 10525 10828 Bruneau 
13 6 17 40 4232 11346 4157 1303 501 12983 13483 Bur ley  FAA AP 
14 1 09 35 4805 11604 2260 1363 278 13484 13761 Cabinet  Gorge 

1641 2370 1380 756 13762 14517 Caldwel l 
1641 2650 1408 736 14518 15253 Cambrl dge 
1603 4896 1514 458 15325 15782 Cascade 1 NW 
1452 3825 1551 199 15818 16016 Cas t l e fo rd  2 N 
1414 5175 1663 754 16381 17134 C h a l l i s  
1349 6260 1671 536 17135 17670 Chi l l y Bar ton  F l a t  
1645 21 58 1956 696 18506 19201 Coeur DIAlene 1 E 

22 2 32  20 4601 11620 3945 2154 493 19677 20169 Cottonwood 
23 3 02 45 4444 11626 2950 2187 754 20245 20998 Counci l  
24 3 15 5 4335 11645 2510 2444 732 22323 23054 Deer F l a t  Dam 
25 9 51 25 4344 11 107 61 16 2676 678 23642 24319 Dr iggs  
26 10 13 90 4415 11212 5450 2707 671 24320 24990 Dubois Exp. S t a t i o n  
27 3 48 20 4352 11628 2370 2942 755 26190 26944 Emmett 2 E 
28 5 14 15 4321 11447 5065 3108 384 26945 27328 F a i r f  l e l d  Ranger S t a t i o n  

226 4460 3297 744 27977 28720 F o r t  H a l l  l nd ian  Agncy 
555 3212 3448 727 28822 27548 Garden Val ley  RS 
519 2510 3631 750 29826 30575 Glenns Fe r r y  
144 5550 3732 876 31147 32022 Grace 
608 2400 3760 612 32023 32634 Grand View 2 W 
608 3360 3771 685 32635 33319 Grangev i i l e  
418 5298 3942 755 35205 35959 Hai l e y  Ranger S t a t i o n  
216 4791 3964 586 35960 36545 Hamer 4 NW 
409 4060 4140 739 36546 37284 Hazel t o n  
503 5090 4268 699 37632 38330 H i  l l C i t y  
434 4525 4295 749 38331 39079 H o l i l s t e r  
300 4820 4384 548 39080 39627 Howe 
550 3965 4442 744 39628 40371 l daho C i t y  
201 4765 4455 329 40929 41 257 I daho Fal l s 2 ESE 

11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 

42 9 10 55 4329 11 
43 9 10 35 4321 11147 5850 4456 289 41258 41546 Idaho F a l l s  16 SE 
44 9 10 75 4331 11 204 4730 4457 741 41 547 42287 l daho Fa1 l s FAA AP 
45 9 35 100 4332 11 257 4938 4460 309 42465 42773 l daho Fal I s  46 W 
46 10 29 30 4425 11124 6300 4598 515 43375 43889 I s l and  Park Dam 
47 6 37 65 4244 11431 3740 4670 749 43890 44638 Jerome 
48 1 50 45 4732 11608 2320 4831 744 45382 46125 Kel iogg 

- - - --- -- 



Table C-1. Continued. 

Elev NOAA No. S t a r t  End 
No SS CA A.R Lat.  Long. ( f t )  No. Rec Rec Rec S t a t i o n  Name 

49 10 29 20 4424 11 153 641 0 4908 201 4621 0 46410 K i  l go re  
50 2 33 30 4609 11559 1260 501 1 751 4641 1 47161 Kooskia 
51 3 01 0 4329 11624 2680 5038 644 47162 47805 Kuna 2 NNE 
52 2 45 55 4623 11701 1436 5241 550 48446 48995 Lewiston WSO AP 
53 7 05 25 4207 11118 5926 5275 723 48996 49718 L i f t o n  Pumping S ta t i on  
54 10 22 40 4355 11337 5897 5462 753 50306 51058 Mackay Ranger S t a t i o n  
55 7 46 40 421 2 11215 4580 5544 839 51 345 52183 Mal ad 
56 7 46 45 4210 11219 4470 5559 425 52184 52608 Malad C i t y  
57 6 18 15 4218 11317 4540 5563 196 52609 52804 Mal ta 2 E 
58 10 40 45 4436 11355 51 10 5685 552 52883 53434 May 
59 3 54 45 4454 11607 5025 5708 750 53435 54184 Mc Cal l 
60 6 44 60 4241 11329 4210 5980 392 55526 55917 Minidoka Dam 
61 7 05 45 4219 11118 5960 6053 780 55918 56697 Montpel ier  Ranger St-ation 
62 1 39 15 4644 11658 2660 6152 756 56757 57512 Moscow-Univ. o f  Idaho 
63 4 25 75 4309 11543 3190 6174 752 57513 58264 Mountain Home 
64 3 03 20 4458 11617 3870 6388 756 59054 59809 New Meadows Ranger S t a t i o n  
65 2 42 15 4615 1161 5 3145 6424 339 60225 60563 Nezperce 
66 6 18 35 4214 11353 4600 6542 754 60720 61473 Oakley 
67 3 02 35 4408 11617 2990 6590 341 62238 62578 Ola 4 S 
68 2 20 30 4629 11 61 5 1027 6681 756 62579 63334 Orof i no 
69 9 28 60 4321 11113 5385 6764 390 63335 63724 Pal isades Dam 
70 3 15 10 4348 11657 2215 6844 686 63725 6441 0 Parma Exp. S ta t i on  
71 6 44 30 4237 11345 4210 6877 547 64411 64957 Paul 1 ENE 
72 3 48 15 4405 11656 21 50 6891 719 64958 65676 Payet te 
73 5 14 20 4318 I1404 4875 7040 254 65778 66031 Picabo 
74 8 04 90 4255 11236 4454 7211 536 67173 67708 Poca te l l o  WSO AP 
75 1 12 45 4857 11630 1775 7264 755 67709 68463 P o r t h i l l  
76 1 39 10 4658 11653 2600 7301 749 68464 69212 Po t l a t ch  3 NNE 
77 7 27 40 4204 11151 4726 7353 581 69696 70276 Preston Sugar Factory 
78 3 5 6  9 0 4 3 1 2 1 1 6 4 5 3 9 3 0 7 6 4 8 2 1 7 7 1 2 3 7 7 1 4 5 3 R e y n o l d s  
79 5 52 35 4304 11409 4306 7673 692 71454 72145 Richf l e l d  
80 2 34 70 4525 11618 1800 7706 607 72146 72752 Riggins 

1326 4200 7968 571 73498 74068 ~ u p e r t  
1143 4950 8022 480 74108 74587 S t  Anthony 1 WNW 
1634 2220 8062 756 74588 75343 Sa in t  Maries 
1353 391 1 8076 612 75344 75955 Salmon 
1345 3970 8080 145 75956 76100 Salmon 1 N 
1634 2120 8137 756 76101 76856 Sandpoint Exp. S ta t i on  
1426 3950 8380 743 76857 77599 Shoshone 1 WNW 
1454 6271 8676 196 791 03 79298 Stan l ey 
1317 5280 8786 482 79405 79886 Strevel I 
1623 2325 8928 534 81025 81558 Swan F a i l s  Power House 
11 20 5270 8937 231 81 559 81789 Swan V " ,  = I  I , - ,  D l )  

1655 2550 9029 141 81837 81 977 Tensed 
1116 6170 9065 332 82218 82549 Tetonla Exp. S ta t i on  
151 5 5460 91 19 470 82550 83019 Three Creek 
1433 3940 9294 689 83058 83746 Tw i n  Fa1 I s  2 NNE 
1425 3940 9299 631 83747 84377 Twin F a l l s  3 SE 
141 4 3960 9303 201 84378 84578 Twin Fal I s  WSO 
1657 2103 9638 756 86042 86797 Weiser 2 SE 

* Secondary s t a t i o n  number f o r  minimum daytime r e l a t i v e  humidity, 
daytime wind speed and percent sunshine ( s o l a r  r a d i a i t o n t i o n ) .  

# Crop area number f o r  crop growth sfate dates. 
5 A r i d i t y  r a t !  ng o f  t e rmperah re  sensor environment, 



-- - 

Table  C-2. Computer d a t e  f i l e  of c r o p s  and growth s t a g e  d a t e 8 f o r  a r e a s  
w i t h i n  Idaho.  

.L 

" No. P l a n t  E .  Cover Harves t  

See legend a t  end o f  Tabie  C-2 for definition of crop numbers 
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Table  C-2. Continued. 



1 2 8  
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T a b l e  C-2. Con t inued .  
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Table  C-2. Continued.  

D e f i n i t i o n  of  Crops 

Crop 
Number Crop Name 

-- 
1 A l f a l f a  Hay 
2 A l f a l f a  Seed 

Dry and E d i b l e  Beans 
F i e l d  Corn 
S i l a g e  Corn 
Sweet Corn 
Peas  
P o t a t o e s  
Sugar B e e t s  
S p r i n g  G r a i n  
Winter G r a i n  
Grass  P a s t u r e  
Orchards 
Garden Vege tab les  
Onions 
L e n t i l s  
Bops 



Table C-3. A l f a l f a  reference evapotranspi rat ion,  mm/day, adjusted 
f o r  s t a t i o n  a r i d i t y  ( from Table 12). 

Mar Apr May June Ju ly  Aug Sept Oct Mar-Oct 

Aberdeen Exp. S t a t i o n  
American F a l l s  1 SW 
Anderson Dam 
Arbon 2 NW 
Arco 3 SW 
Ashton 
Bayview Model Basin 
B lack foo t  2 SSW 
BI i s s  
Boise WSO AP 
Bonners Fer ry  1 SW 
Bruneau 
Burley FAA AP 
Cabinet Gorge 
Caldwel I 
Cambr i dge 
Cascade 1 NW 
Cast le fo rd  2 N 
C h a l l i s  
C h i l l y  Barton F l a t  
Coeur D'Alene 1 E 
Cottonwood 
Counc i I 
Deer F l a t  Dam 
Dr i ggs 
Oubois Exp. S t a t i o n  
Emmett 2 E 
F a i r f i e l d  Ranger S t a t i o n  
F o r t  H a l l  Ind ian Agency 
Garden Val ley RS 
Glenns Fer ry  
Grace 
Grand View 2 W 
Grangev i l le  
Hai ley Ranger S t a t i o n  
Hamer 4 NW 
Hazel t o n  
Hi1 I C i t y  
Hol I i s t e r  
Unua a a""- 

ldaho C i t y  
ldaho F a l l s  2 ESE 
ldaho F a l l s  16 SE 
ldaho Fa1 I s  FAA AP 
ldaho Fal I s  46 W 
Is land Park Dam 
Jerome 
Kel logg 



Table C-3. Continued. 

K i  lgore  
Koosk i a 
Kuna 2 NNE 

Malad C i t y  
Malta 2 E 
May 
Mc Cai I  
Minidoka Dam 
Montpel ier  Ranger S t a t i o n  
Moscow-Univ. o f  Idaho 
Mountain Hme 
New Meadows Ranger S t a t i o n  

Mar Apr May June Jui y  Aug Sept Oct Mar-0ct 

Lewiston WSO AP 1.88 3.89 5.24 6.50 7.67 6.24 4.42 2.28 1167 
L i f t o n  Pumping S t a t i o n  .40 3.22 5.01 6.89 7.78 6.53 4.67 2.48 1132 
Mackay Ranger S t a t i o n  .81 4.01 5.65 7.31 8.14 6.51 4.78 2.90 1227 
Malad 1.27 3.94 5.26 7.05 7.93 6.74 4.99 2.89 1226 

1.19 3.77 5.15 6.88 7.75 6.58 4.83 2.79 1192 
1.87 4.27 5.88 7.76 8.35 6.91 5.15 3.26 1330 
1 

Nezperce 
Oak l ey 
Ola 4 S 
Orof i no 
Pal i sades Dam 
Parma Exp. S t a t i o n  
Paul 1 ENE 
Payet te 
Picabo 
Poca te l l o  WSO AP 
Porth i l i 
Pot la tch  3 NNE 
Preston Sugar Factory 
Rey no I  ds 
Richf i e l  d  
Rigglns 
Rupert 
S t  Anthony 1 WNW 
Sa in t  Maries 
Salmon 
Salmon 1 N 
Sandpoint Exp. S ta t i on  
Shoshone 1 WNW 
Stanley 
Strevel  l 
Swan F a l l s  Power House 
Swan Val ley  
Tensed 
Tetonia Exp. S ta t i on  
Three Creek 
Twin F a l l s  2 NNE 
Twin Fai i s  3 SE 
Twin F a l l s  WSO 
Weiser 2 SE 



T a b l e  C-4. S t a n d a r d  d e v i a t i o n  of A l f a l f a  R e f e r e n c e  E v a p o t r a n s p i r a t i o n ,  
mm/day. A d j u s t e d  f o r  s t a t i o n  a r i d i t y .  

ABERDEEN EXP. STATION 
AMERICAN FALLS 1 SW 
ANDERSON DAM 
ARBON 2 NW 
ARC0 3 SW 
ASHTON 
BAYVIEW MODEL BASIN 
BLACKFOOT 2 SSW 
BLISS 
BOISE WSO AP 
BONNERS FERRY 1 SW 
BRUNEAU 
BURLEY FAA AP 
CABINET GORGE 
CALDWELL 
CAMBRIDGE 
CASCADE 1 NW 
CASTLEFORD 2 N 
CHALLIS 
CHILLY BARTON FLAT 
COEUR D'ALENE 1 E 
COTTONWOOD 
COUNCIL 
DEER FLAT DAM 
DRIGGS 
DUBOIS EXP. STATION 
EmETT 2 E 
FAIRFIELD RANGER STATION 
FORT HALL INDIAN AGNCY 
GARDEN VALLEY RS 
GLENNS FERRY 
GRACE 
GRAND VIEW 2 W 
GRANGEVILLE 
HAILEY RANGER STATION 
HAMER 4 NW 
HAZELTON 
HILL CITY 
HOLLISTER 
HOWE 
IDAHO CITY 
IDAHO FALLS 2 ESE 
IDAHO FALLS 16 SE 
IDAHO FALLS FAA AP 
IDAHO FALLS 4 6  W 
ISLAND PARK DAM 
JEROME 
KELLOGG 

Mar Apr May J u n e  J u l y  Aug S e p t  . O c t  

.47  



Table C-4. C o n t i n u e d .  

Mar Apr  May June J u l y  Aug S e p t  O c t  

KILGORE 
KOOSKIA 
KUNA 2 NNE 
LEWISTON WSO AP 
LIFTON PUMPING STATION 
MACKAY RANGER STATION 
MALAD 
MALAD CITY 
MALTA 2 E 
MAY 
MC CALL 
MINIDOKA DAM 
MONTPELIER RANGER STATION 
MOSCOW-UNIV. OF IDAHO 
MOUNTAIN HOME 
NEW MEADOWS RANGER STATION 
NEZPERCE 
OAKLEY 
OLA 4 S 
OROFINO 
PALISADES DAM 
PARMA EXP. STATION 
PAUL 1 ENE 
PAYETTE 
PICABO 
POCATELLO WSO AP 
PORTHILL 
POTLATCH 3 NNE 
PRESTON SUGAR FACTORY 
BEYNOLDS 
RICHFIELD 
RIGGINS 
RUPERT 
ST ANTHONY 1 WNW 
SAINT MARIES 
SALMON 
SALMON 1 N 
SANDPOINT EXP. STATION 
SHOSHONE 1 WNW 
STANLEY 
STREVELL 
SWAN FALLS POWER HOUSE 
SWAN VALLEY 
TENSED 
TETONIA EXP. STATION 
THREE CREEK 
TWIN FALLS 2 NNE 
TWIN FALLS 3 SE 
T W I N  FALLS WSO 
WEISER 2 SE 



T a b l e  C-5. Alfalfa r e f e r e n c e  e v a p o t r a n s p i r a t i o n ,  mm/day. 
Not a d j u s t e d  f o r  s t a t i o n  a r i d i t y .  

Mar Apr  May J u n e  J u l y  Aug S e p t  O c t  Mar-Oct 

ABERDEEN EXP. STATION 
AMERICAN FALLS 1 SW 
ANDERSON DAM 
ARBON 2 NW 
ARC0 3 SW 
ASHTON 
BAYVIEW MODEL BASIN 
BLACKFOOT 2 SSW 
BLISS 
BOISE WSO AP 
BONNERS FERRY 1 SW 
BRUNEAU 
BURLEY FAA AP 
CABINET GORGE 
CALDWELL 
CAMBRIDGE 
CASCADE 1 NW 
CASTLEFORD 2 N 
CHALLIS 
CHILLY BARTON FLAT 
COEUR D'ALENE 1 E 
COTTONWOOD 
COUNCIL 
DEER FLAT DAM 
DRIGGS 
DUBOIS EXP. STATION 
EMMETT 2 E 
FAIRFIELD RANGER STATION 
FORT HALL INDIAN AGNCY 
GARDEN VALLEY RS 
GLENNS FERRY 
GRACE 
GRAND VIEW 2 W 
GRANGEVILLE 
HAILEY RANGER STATION 
HAMER 4 NW 
HAZELTON 
HILL CITY 
HOLLISTER 
HOWE 
IDAHO CITY 
IDAMO FALLS 2 ESE 
IDAHO FALLS 1 6  SE 
IDAHO FALLS FAA AP 
IDAHO FALLS 4 6  W 
ISLAND PARK DAM 
JEROME 
KELLOGG 



Table C-5. Continued. 
- 

Mar Apr May June J u l y  Aug Sept  Oct Mar-Oct 

NEZPERCE 
OAKLEY 
OLA 4 S 
OROFINO 
PALISADES DAM 
PARMA EXP. STATION 
PAUL 1 ENE 
P AYETTE 
PICABO 
POCATELLO WSO AP 
PORTHILL 
POTLATCH 3 NNE 
PRESTON SUGAR FACTORY 
REYNOLDS 
RICHFIELD 
R I G G I N S  
RUPERT 
ST ANTHONY 1 WNW 
SAINT MARIES 
SALMON 
SALMON 1 N 
SANDPOINT EXP. STATION 
SHOSHONE 1 WNW 
STANLEY 
STREVELL 
SWAN FALLS POWER HOUSE 
SWAN VALLEY 
TENSED 
TETONIA EXP. STATION 
THREE CREEK 
TWIN FALLS 2 NNE 
TWIN FALLS 3 SE 
TWIN FALLS WSO 
WEISER 2 SE 

KILGORE -.05 2.73 4.96 6.64 7.44 6.10 4.15 2.09 1043 
KOOSKIA 1.86 4.01 5.38 6.51 7.79 6.44 4.52 2.19 1185 
KUNA 2 NNE 2.21 4.61 6.14 7.74 8.47 7.12 5.44 3.29 1378 
LEWISTON WSO AP 1.88 4.02 5.44 6.77 8.17 6.79 4.74 2.28 1227 
LIFTON PUMPING STATION .40 3.29 5.11 7.04 8.03 6.82 4.86 2.48 1164 
MACKAY RANGER STATION .81 4.14 5.83 7.56 8.56 6.98 5.08 2.90 1281 
MALAD 1.27 4-05 5.42 7.28 8.32 7.20 5.27 2.89 1276 
MALAD CITY 1 . 1 9 3 . 8 9 5 . 3 3 7 . 1 4 8 . 1 8 7 . 0 9 5 . 1 5 2 . 7 9  1247 
MALTA 2 E 1.87 4.32 5.95 7.85 8.50 7.08 5.27 3.26 1350 
MAY 1.15 4.28 5.89 7.42 8.28 6.79 4.86 2.79 1268 
MC CALL .82 3.08 5.03 6.80 7.74 6.40 4.66 2.49 1133 
M I N I D O K A  DAM 1.83 4.54 6.31 8.19 8.88 7.49 5.72 3.48 1421 
MONTPELIER RANGER STATION -51 3.36 4.97 6.87 7.96 6.82 4.83 2.48 1156 
MOSCOW-UNIV. OF IDAHO 1.28 3.69 4.94 5.88 7.73 6.22 4.47 2.07 1110 
MOUNTAIN HOME 2.23 4.82 6.41 8.35 8.97 7.55 5.61 3.64 1456 
NEW MEADOWS RANGER STATION1.07 3.53 5.20 6.86 7.58 6.24 4.54 2.40 1145 

1.36 3.31 4.72 5.97 7.28 6.13 4.18 1.94 1068 
2.01 4.64 6.24 7.98 8.69 7.34 5.64 3.61 1413 



T a b l e  C-6. S t a n d a r d  d e v i a t i o n  of A l f a l f a  R e f e r e n c e  E v a p o t r a n s p i r a t i o n ,  
mm/day. Not a d j u s t e d  f o r  s t a t i o n  a r i d i t y .  

Mar Apr May June J u l y  Aug S e p t  O c t  

ABERDEEN EXP. STATION 
AMERICAN FALLS 1 SW 
ANDERSON DAM 
ARBON 2 NW 
ARC0 3 SW 
ASHTON 
BAYVIEW MODEL BASIN 
BLACKFOOT 2 SSW 
BLISS 
BOISE WSO AP 
BONNERS FERRY 1 SW 
BRUNEAU 
BURLEY FAA AP 
CABINET GORGE 
CALDWELL 
CAMBRIDGE 
CASCADE 1 NW 
CASTLEFORD 2 N 
CHALLIS 
CHILLY BARTON FLAT 
COEUR D'ALENE 1 E 
COTTONWOOD 
COUNCIL 
DEER FLAT DAM 
DRIGGS 
DUBOIS EXP. STATION 
EMMETT 2 E 
FAIRFIELD RANGER STATION 
FORT HALL INDIAN AGNCY 
GARDEN VALLEY RS 
GLENNS FERRY 
GRACE 
GRAND VIEW 2 W 
GRANGEVILLE 
HAILEY RANGER STATION 
HAMER 4 NW 
HAZELTON 
HILL CITY 
HOLLISTER 
HOWE 
IDAHO CITY 
IDAHO FALLS 2 ESE 
IDAHO FALLS 1 6  SE 
IDAHO FALLS FAA AP 
IDAHO FALLS 4 6  W 
ISLAND PARK DAM 
JEROME 
KELLOGG 



Table C-6. Continued. 

- 
KILGORE 
KOOSKIA 
KUNA 2 NNE 
LEWISTON WSO AP 
LIFTON PUMPING STATION 
MACKAY RANGER STATION 
MALAD 
MALAD CITY 
MALTA 2 E 
MAY 
MC CALL 
M I N I D O K A  DAM 
MONTPELIER RANGER STATION 
MOSCOW-UNIV. OF I D A H O  
MOUNTAIN HOME 
NEW MEADOWS RANGER STATION 
NEZPERCE 
OAKLEY 
OLA 4 S 
OROFINO 
PALISADES DAM 
PARMA EXP. STATION 
PAUL 1 ENE 
PAYETTE 
PICABO 
POCATELLO WSO AP 
PORTHILL 
POTLATCH 3 NNE 
PRESTON SUGAR FACTORY 
REYNOLDS 
RICHFIELD 
RIGGINS 
RUPERT 
ST ANTHONY 1 W N W  
SAINT MARIES 
SALMON 
SALMON 1 N 
SANDPOINT EXP. STATION 
SHOSHONE 1 WNW 
STANLEY 
STREVELL 
SWAN FALLS POWER HOUSE 
SWAN VALLEY 
TENSED 
TETONIA EXP. STATION 
THREE CREEK 
TWIN FALLS 2 NNE 
TWIN FALLS 3 SE 
TWIN FALLS WSO 
WEISER 2 SE 

Mar 

.39 

.25 
-29 
.23 
.51 
.46 
.38 
.42 
-41 
.41 
-45 
.41 
.50 
.27 
.32 
-45 
-28 
.37 
.35 
.24 
-42 
-29 
.36 
-29 
.53 
.41 
-27 
-28 
.48 
.3'i 
.54 
-29 
.39 
-47 
.26 
.40 
.33 
-26 
.46 
.57 
.39 
.29 
.45 
-19 
.46 
.35 
-32 
.36 
.35 
.31 

-- 
May 
- 

.43 

.36 
-45 
.35 
.44 
.53 
.45 
.41 
.40 
.47 
.SO 
.47 
.48 
.39 
.50 
.42 
.40 
.54 
.41 
.36 
.46 
.46 
.47 
.41 
.53 
.48 
.30 
.39 
.44 
.43 
.50 
.40 
.58 
.52 
.37 
.48 
.36 
.33 
.54 
.40 
.53 
.44 
.38 
.27 
.49 
.45 
.48 
.51 
-42 
-42 

June 
-- 

.38 

.34 

.41 

.41 
.43 
.53 
.45 
.42 
.52 
-48 
-49 
.47 
.52 
.36 
.51 
.42 
.37 
.51 
.42 
.35 
.47 
.48 
.47 
-40 
.54 
.48 
-31 
.37 
.46 
.43 
.51 
-40 
.53 
.4l 
033 
.43 
.42 
.30 
.58 
-49 
.64 
.53 
.35 
.29 
.41 
.45 
.45 
.52 
-36 
.42 

- 
J u l y  
-- 

.25 

.26 

.32 

.31 

.23 
-34 
.31 
.21 
.29 
.32 
-27 
.28 
.27 
.30 
.34 
.27 
-29 
.32 
-27 
.25 
.31 
.33 
.27 
.27 
.33 
.28 
.27 
.35 
.25 
-30 
.31 
-27 
.32 
.26 
.30 
-27 
-27 
.25 
.36 
.20 
-31 
-29 
.32 
.22 
.31 
.31 
-27 
.28 
.24 
.34 

- 
Sept 
- 

.52 

.32 

.36 

.36 

.36 

.37 

.40 

.34 
-44 
.41 
-40 
.41 
.36 
.35 
.40 
.39 
.42 
.39 
.43 
-31 
.40 
.34 
.42 
.34 
.56 
.45 
.31 
.39 
.34 
.46 
.40 
-39 
-35 
.40 
-35 
.35 
.38 
.30 
-46 
.53 
.49 
-39 
.45 
-40 
.49 
.50 
.41 
.39 
.47 
.37 

- 
Oct 
- 

.41 

.20 
-30 
.20 
-32 
.38 
.35 
-30 
.29 
.31 
.3O 
.35 
.37 
.23 
.40 
.29 
.23 
.39 
.27 
.20 
.37 
.26 
.35 
-25 
.41 
.39 
. I7  
.26 
-30 
.32 
.34 
.26 
.37 
.37 
.20 
.28 
.30 
.17 
.37 
.32 
.41 
.29 
.34 
-17 
.37 
.49 
.35 
.37 
-34 
.31 
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T a b l e  C-7. NOAA WEATHER STATION CONSUMPTIVE USE REFERENCE NUMBERS 

ABERDEEN EXP. STATION 
AMERICAN FALLS 1 SW 
ANDERSON DAM 
ARBON 2 NW 
ARC0 3 SW 
ASHTON 
BAYVIEW MODEL BASIN 
BLACKFOOT 2 SSW 
BLISS 
BOISE WSO AP 
BONNERS FERRY 1 SW 
BRUNEAU 
BURLEY FAA AP 
CABINET GORGE 
CALDWELL 
CAMBRIDGE 
CASCADE 1 NW 
CASTLEFORD 2 N 
CHALLIS 
CHILLY BARTON FLAT 
COEUR D'ALENE 1 E 
COTTONWOOD 
COUNCIL 
DEER FLAT DAM 
DRIGGS 
DUBOIS EXP. STATION 
EMMETT 2 E 
FAIRFIELD RANGER STATION 
FORT HALL INDIAN AGNCY 
GARDEN VALLEY RS 
GLENNS FERRY 
GRACE 
GRAND VIEW 2 W 
GRANGEVILLE 
HAILEY RANGER STATION 
HAMER 4 NW 
HAZELTON 
HILL CITY 
HOLLISTER 
HOWE 
IDAHO CITY 
IDAHO FALLS 2 ESE 
IDAHO FALLS 1 6  SE 
IDAHO FALLS FAA AP 
IDAHO FALiiS 4 6  W 
ISLAND PARK DAM 
JEROME 

4 8  KELLOGG 
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Table C-7. NOAA WEATHER STATION CONSUMPTIVE USE REFERENCE NUMBERS, CONT'D 

KILGORE 
KOOSKIA 
KUNA 2 NNE 
LEWISTON WSO AP 
LIFTON PUMPING STATION 
MACKAY RANGER STATION 
MALAD 
MALAD CITY 
MALTA 2 E 
MAY 
MC CALL 
MINIDOKA DAM 
MONTPELIER RANGER STATION 
MOSCOW-UNIV. OF IDAHO 
MOUNTAIN HOME 
NEW MEADOWS RANGER STATION 
NEZPERCE 
OAKLEY 
OLA 4 S 
OROFINO 
PALISADES DAM 
PARMA EXP. STATION 
PAUL 1 ENE 
PAYETTE 
PICABO 
POCATELLO WSO AP 
PORTHILL 
POTLATCH 3 NNE 
PRESTON SUGAR FACTORY 
REYNOLDS 
RICHFIELD 
RIGGINS 
RUPERT 
ST ANTHONY 1 WNW 
SAINT MARIES 
SALMON 
SALMON 1 N 
SANDPOINT EXP. STATION 
SHOSHONE 1 WNW 
STANLEY 
STREVELL 
SWAN FALLS POWER HOUSE 
SWAN VALLEY 
TENSED 
TETONIA EXP. STATION 
THREE CREEK 
TWIN FALLS 2 NNE 
TWIN FALLS 3 SE 
TWIN FALLS WSO 
WEISER 2 SE 
WEISER 2 SE 
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DATA NUCRP /ZHAL.ZHFH,ZH. ,2HAL,2HFS,ZH. ,2HBE,ZHAN,ZHS . CON00610 
$ ZHF.,ZHCR,ZHN ,ZHSI,ZHLG,ZHE ,ZHS.,2HCR,ZHN . CON00620 
$ ZHPE.ZHLS.2H ,2HPO82HTk.ZHT ,ZHSB,ZHEE,ZHT . CON00630 
$ 2HS0.2HRA.ZHN ,2WG,2HRA,2HIi .ZHPA,2HST,ZH. . CON00640 
$ ZHOR,ZHCH,2KD ,2INE,ZEGE,ZHS ,2HON,2HI0,2HN . CON00650 
$ ZHLE.ZHNT.2HL .2HH0.2HPS.ZH / CON00660 CCCCCC 

C 
OOOOOOOO N N SSSSSSS 
0 0 N N  N S C TAPE INFO CON00610 

ICDE7i3*100000B CON00680 0 0 N N N  SSSSSSS 
0 0 N N N  S 
0 0 N NN S 
00000000 N N SSSSSSS CCCCCC 

FINAL VERSION 

C CON00720 
C STATISTICS DEBUG PRINTOUT CON00130 

IPRNTzO CON00740 
Pm...*..*****9**INPUT TAPE AND STORAOE INFORHATION..*.**.... CON00750 

C01100760 

TIME STAUPED t820622.1208) 

.PROGRAN TO CALCULATE HONTHLY CONSUMPTIVE USE REQUIRMENTS FOR 
THE STATE OF IDAHO USING THE FAO-BLANN-CRIDDLE METHOD. 

DATA USED ARE MONTHLY TEMPERATURE iiND PRECIP 
TAPE CON00170 
I L U I ~  CON00780 
SCRATCH DISK WITH TBPE INFORMATION OH DISC WITH FORMATTED WEATHCONOOl90 
INFORHATIN IF TAPE NOT READ (D STATEUENTS NOT USED) CON00800 
ILUZz35 CON00810 
DIRECTORY OF TEMPERATURE STATIONS CON00820 

AND REGIONAL SOLAR. HUMIDITY AND WIND FROM PNURBC AND USDA 
IN KIUBERLI. 

PHffiRlWiED BY Rick Allen University of Idaho Kimberly. Idaho 
for an HP-1000 computing system. 

1981-1982 
COIMON/EEE/CROPCO(56,17,12) ,AZND(11,12) ,BZND(11,12) ,NZND(11,9), 

h CISUH1(17.121.ETSUHl(11.121. 
6 C I S U H Z ( ~ I ~ ~ ~ I ~ E T S U H Z ( ~ ~ ; ~ ~ ) ~  
b C1SUH3(17,12),ETSUM3(17.12),KTIR(17,12), 
b S U N C N ~ ( ~ ~ ) , S U H C N Z ( ~ ~ ) , S U H C N ~ ( ~ ~ ) , S U H C N ( ~ ~ I ,  
a SUHIR~(~~),SUMIR~(~~),SUHIR~(~~).SOHIR(~~), 
6 E T C P ( ~ ~ , ~ ~ ~ , T I R C P ( ~ ~ , ~ ~ ~ , N P H C ~ ~ ~ )  
DIMENSION IBUFF(t3600l,IBUFR(16),IT(2) 
DOUBLE PRECISION NRECS,NRECE,KBLI,NREC,NF,IBLOCK 
DIMENSION FI7~.O(I~.NAHEll7~.DAYS~t21 

REWIND FILES 
REWIND ILU? 
REWIND ILU2 
REWIND ILU3 
REWIND ILU4 
REWIND ILU5 
TAPE INFO (used If NOAA tape read 
PRINT=3HNO 
IRECLs136 
ILEN=13600 
INOxILEN I2 
ILEN=-ILEN 
IBLOCK=O 
REC=4H68 

DIMENSION PSU#2(12);~~~~2(121 
DIMENSION PSIIHII 121 .ESIII(?I  121 

DIXENSION ~VlR(11) .AVET(17) .STET( I~),STIR( 17) ,SKET(17) .SXIR(lI) 
DIKENSION NMCRP(3,11) 
INTEGER STATE,STANO,YEAR.DECDIY, 

1HIOHT.TNINTY.IHAXFR.MINFH.THINO. 

D 
2030 FORUAT(AU) 
D F(2);REC 
D G(2);REC 
D CALL EXEC (ICDE3,IREWDl 
D GO TO 1999 
3000 CONTINUE 

~PCE,HI~HPC.HD~TEP.SCODE, HD~TES,P~~~R~O,POYR~O, 
3POYR1,HAIL,SNODAY,WINDCD,WIND,EYAPCE,COOL 
RElL MAXTP,MINTP.KEANTP 
REAL LAT,NRATIO 
INTEGER DAY 

HAXIHUH NUHBER OF CROPS = 17 
NCROP=17 

ERAIN(PREC.U,FFF)=(0.IO9t77PREC**O.82416-O.11556~ 
.10...(0.02426gU).FFF 

DATA F/YH(IX,,UH ,4HA2 I/ 
DATA 0/4H( ,4H .4HA2 ) /  

EACH SECONDARY CALCULATE A AND B COEFFICIENTS FOR EACH MONTH FOR 
STATION (FOR FAO-BLANEI-CRIDDLE EQUATION) 

DATA HEHIS/IHN/ 
DATA ALFCO/O.O,O.O,1.15,1.21,1.?4.1.01.1.01,1.00,1.08,1.22,0.,0 
DATA ADEPT8 /5.5,5.5,1.8,3.,3.,3..2.,1.,3.5,1.8.2.5,3.,3., 

b 1..1..2.,3./ 
DATk DAYS /31. ,28. .31. ,30. ,31. ,30. ,31. .31. $30. ,31. ,30. .31. /  
DATA DESERT /0.0,0.0.0.0,1.0,1.5,2.0,3.5,4.5,3.0,0.0,0.0,0.0/ 



READlILU4,50) CONOl210 
READ(ILU4.50) CON01220 
READ(ILU4.501 CON01230 
READlILUU,50) CON01240 

50 FORMAT1 6X,12F5.2) CON01250 
DO 55 NZR=1,12 CON01260 
A2ND(NZrNZR)=O. CON01270 

55 BZND(NZ,NZR)=O. CON01280 
DO 150 I+4=3,10 CON01290 
NRATIO=RATN(NM) CON01300 
RHMIN=RHHNlNH) CON01310 
UDAY=DAYYIW) CON01320 

C LIHIT RHMlN TO GREATER THAN 302 IIRRICATION EFFECT) (MANY SECONDICON01330 
c STATIONS YERE LOCATED OVER DRP, AIRPORT LOCATIONS) CON01340 

IFlRHUIN.LT.30.) RHUIN=3O. CON01350 
C CON01360 

CALL APINDB(RWIIN.NRATIO,UDkY,AP.BP) CON01370 
C CON01380 

A~ND(N~.NHI=AP CON01390 
B2ND(NZ,hU)=BF CONOl400 

150 CONTINUE CON01410 
200 CONTINUE CON01420 

WRITE(57,210) (N2.lRZND~N2.Wl.B2ND(N2,NU),hU=3,l0),N2~l,11~ CON01430 
210 FORYATIlX,I3,16F6.3) CON01440 

L CON01460 
C COMPUTE THE F FACTOR USED IN SCS EFFECTIVE RAINFALL CALCULATION CON01470 
C FOR EACH CROP CON01480 
C ADEPTH = AVERAGE NET APPLICATION DEPTH FOR EACH CROP WITH CON01490 
C AYAL WATER = 2.0 INIFT, ROOT DEPTH = (BEG+HAx)/z. CON01500 
C ALLOW. DEPLETION VARIES FOR CROP 1.4-.61 (40-601) (see adepth arrCONOl51o 
C CON01520 

CON01570 
WRITEl57,25) l~F(1C).IC=1,17: CON01580 
FORNATI' FF = '.17F5.2) CON01590 

CON01600 
CALCULATE CROF COEFFICIENTS FOR 17 CROPS. USE HEAN CROF CON01610 
COEFFICIENTS FOR ALFALFA REFERENCE CROP CALIBRATED AT KIKBERLY CON01620 
IDAHO BY J.L.URIGHTl19811 IrriBation Scheduling Conference. ChlcaCON01630 

Illinois. Dec. 1981. ASAE. CON01640 
CALL CROPD(ILU51 munl6in 

C CON01670 
C L O O P  T H R O U G H  T E U P E R A T U n E  S T A T I O N S  CON0168O 
C CON01690 

NTIR -(Ic;w)=o. 
ETCP(IC,NH)=O.O 
TIRCP(IC,NH)=O.O 
SIMCNl(ICl=O. 
SlJUCN2(ICl=0. 
SUHCN3(IC)=O. 
S~IRl(ICI=O. 
SUHIR2(ICI=0. 

C READ DIRECTORY INFORMATION ON SPECIFIC STATION 
C READ REFERENCE NO., 2NDARY REGION, CROP COEFFICIENT REGION, 
C DESERT EFFECT, LATITUDE, LONGITUDE, ELEVATION (FT), NOAA 
C REFERENCE NVHBER. N W E R  OF RECORDS (MONTHS) ON TAPE. 
c STARTING RECORD ON TAPE AND ENDING RECORD ON TAPE, AND 
C STATION NAHE (26 CHARACTERS) " 

220 FORHAT' ~1~,13,1~,14,15,16,15,15,14,16,16,13@~ 
221 FORHAT (1X,12,13,I3,14,15,I6,15,I5,lU ,I6,I6,13@l 

C CHECK FOR END OF FILE 

--- . 
WRITE (58,221) NREF.NREG,NCRPST,NDESEF,LATI,LONl,NELEY.NOAh, 
NREC.NRECS.NRECE,NAHE 
YRITE(1,221~ NREF,NREG,NCRPST,NDESEF,LATl,LONI,NELEY,NOAh, 

" NREC,NRECS.NRECE,NME 
C LATITUDE FOR SUNSHINE HOURS (P) 

LhT=LAT1 

C ELEVATION, UETERS 
ELEV=NELEV*O.3048 

C ELEVATION CORRECTION FOR FAO-BI.ANEY CRIDDLE. 
C INCREASE CALCULATED ETR BI TEN PERCElT FOR EVERY 1000 METERS 
C ELEVATION ABOVE SEA LEVEL 
C 



ELEVC=1.+O.l~lELEV)/1OOO. CON02410 
IF(ELEVC.LE.1.01 ELEVC=l.O CON02420 

C CON02430 
C COUPUTE P FACTOR FOR EACH MONTH (SUNSHINE HOURS IN FAO-BC) CON02440 
C PONn7U'lO 

CALL BLANP(LAT,HREIIS,NH.DAY.PI 
PHONINHI=P 

250 CONTINUE 

F O R M A T ( Z I ~ ; ~ ~ F ~ . ~ ~  CON03080 
RESET EIRYR (REFERENCE ETR FOR ALFALFA) CON03090 
DO 405 NHN=1,12 CON03100 
IFIEAN(NnNIs0. CON03110 
RAIN (NUNl=O. CON03120 
ETRYR(MINI=O.O CON03130 
NYR=YEAR CON03140 
CONTINUE CON03150 

CON03160 
IF(NREC.EQ.NRECS1 NSTAT=STANO CON03110 
IF~NREC.EQ.NRECE1WRITE~58,901STAN0,YEAR,M011TH,MTP,M1NTP,ANTP CON03180 
tPRECIP,NREC CON03190 
FORMAT(316,4F6.2,161 CON03200 
I F ~ N R E C . E Q . N R R C S l W R I T E ( 5 B , 9 O 1 S T A N O O Y E A B , A N T P ,  CON03210 
1PRECIP.NREC CON03220 
IF(STANO.NE.NSTAT1 M TO 925 CON03230 
THEAN(MONTHl=HEANTP CON03240 
RAIN(UONTH1 xPRECIP CON03250 
1FlSTANO.GE.OIM TO BOO CON0'4260 

TRANSFER STATION DATA FROH NORA TAPE TO SCRATCH DISK 
(IF OPTION ID STATENENTS ARE COMPILED) IS SELECTED) 

IF~HEANTP.EQ.O.O.ANDOUAXTP.EQQO.Ol M TO 790 CON03270 
. GO TO 435 CON03280 
427 IF(NSTAT.LT.11 GO TO 950 CON03290 

C LOOP THROUGH 12 MONTHS FROM EACH DISC RECORD (FOREIATTEDI CON03300 
M 790 MONTH=l,IZ CON03310 - 
HEANTP=THEAN(HONTHl CON03320 0\ 

PRECIP=RAIN(MONTHI CON03330 0 
435 IF(MEANTP.LE.O.11 00 TO 790 CON03340 
C CON03350 

CALL TAPEILABF,F,G,INO,IBUFF,IBR,IT,ILU1,ILU2,PRINT, 
NRECS,NRECE,HBU(,IBLOCKl 

, IRECL. ILEN. 

NPLACE=O 
REWIND lLU2 
NMOS=O 
NNN=O 
NLOOP=NRECE-NRECS+1 
NRECzNRECS-1 

Nnos=NHos+: 

CALCULATION OF ETA ORASS USING FAO-BLANEY-CRIDDLE WITH A AND B 
COEFFICIENTS FROM REOIONAL STATIONS 

CORRECT FOR ARIDITY EFPICT ON STATION TENPERATORE. (ARID WEllliER 
SITE TEMPERATURE WILL BE ELEVATED UOVE TEMPERATURE OVER AN 
ADEQUATELY WATERED CROP1 ALLEN. 1982. DESERT EFFECT = 01 
IF IRRIGATED GRASS STATION IN IRRIOATED REGION WITH NO BARE 
SURFACE EFFECTS FROH STREETS. ROADS. BUILDINGS. ROWATS. ETC. . - 

DESERT EFFECT = 100% IF STAT~ON IS LOCATED O V E ~  AND CO~LETELP 
SURROUNDED BP ARID VEGETATION AND TERRAIN. 

TCEL=(UEANTP-32.lI1.8 

TCEL = TCEL - DESEF(MONTH1 
YEAR=YEAR+1000 
GO TO 320 
READ WEATHER DATA OFF FORMATTED DISC FILE RATHER THAN NOAA TAPE 
READ(ILU2.4021 NSTAT.NYR,IMEAII(NNNl,NNN=1,~21 
If(NSTAT.LT.11 00 TO 950 
AEAD(ILU2,4021 NSTAT,NYR.(RAIN (NNNI,NNN=l,121 
WRITE156 ,4021 NSTAT,NYR.(TILEANlNNNl.NNN=1.l2l 
WRITE156 ,4021 NSTAT,NYR,IRIIN (NNN),NNN~l,121 

F a (O.U6.TCEL+8.13).PMON(HONTHI CON03560 
CON03510 

ADJUST USING A AND B COEFFICIENTS AND MULTIPLY BY KImERLY CALIBRACON03580 
ALFALFA COEFFIENT TO CONVERT FROM GRASS REFERENCE TO ALFALFA REF. CON01590 



ETR = lAZND(NRE0,MONTH) + BZND(BREC.HONTH) ' F) ' ALFCOIMONTH) CON03610 

ELEVATION CORRECTION 
ETR = ETR'ELEVC 

ETRYRIMONTH) : ETR 

MONITOR NONZERO PRECIP MONTHS FOR STATISTICS 
IlWOlHONTH)~NHO~HONTH)+1 
IFIPRECIP) 650,650,630 

S T A T I S T I C S  

NPREIHONTH) = NPRELHONTH) + 1 
PSUHtlMONTHl~PSUHl~MONTH~+PRECIP 
PSU1(Z(HONTII)=PSUHZ(MONTH)+PRECIP*PRECIP 
PSUH~I~ONTH)=PSUH~(HONTH)+PRECIP"PRECIP*PRECIP 
ESUHllHONTHl=ESUHtlHONTH)+ETR 
ESuM2lHoNTH)=EsuHZlHoNTH)+ETR~ETR 
ESUH~IMONTH)=ESUH~(HONTH)+ETR*ETR*ETR 
DO 670 IC=l,l7 

IF(CROPCO(NCRPST.IC.HONTH)) 670,670,660 
NTIR(IC,HONTH)=NTIRlIC,MONTH1~1 
CISUHI(IC,MONTHl=CISUM1lIC,HONTH)+TIRlIC) 
ETSUM1lIC,HONTHl=ETSUHI(IC.HONTH)+ ETIIC) 
CISU~2(IC.HONTHl~CISUHZ~IC,MONTH)*TIR(IC~~TIRlIC) 
ETSU~IIC.HONTHI=ETSUHZ(IC,~O'ITH)+ ETIIC)*ET(IC) 
CISUM3lIC,HONTHl=CISUH3~ICCHOUTH)rlIR(IC~~TIRlIC~*TIRlICl 
ETSUM3(IC,MOHTH)=ETSUH3(IC.MONTHlr ETIIC)'ETIIC)%TT(IC) 
CONTINUE 

SEASONAL STATISTICS 
NN=l 
DO 680 NNNi3,lO 
IF~ETRYR~NNN).LE.o.~~I) NN.C 

680 CONTINUE 
IFINN.NE.0 GO TO 685 

C COMPLETE SEASON OF ETR 
ETRHH.0. 

S~IR(IC)=SUHIR(IC)+TIRCP~IC,NNN)~DAYSINNN) 
682 SUMETISUHETlrETRM CONTINUE 

SUMPRl;SUMPRI+PREHH 

SWCN2(IC)=SUMCN2lICl+ETRHH. ETRM 
SWIR2lIC)=SUHIR2lIC)+ETRRR*ETRRR 
SUHCN3lIC)=S~CN3(IC)*ETRHH* ETRM* ETRHH 
SUHIR3lIC)=SUMIR3(IC)rETRRR.ETAAA.ETARR 
CONTINUE 
NSEAET=NSEAET+l 
CONTINUE 
URITE(1,683) NSEAET .SUHETl,SUMET2,SUI(ET3,SUHPRt,SUHPRZ,SUHPR3 
FORUhTl' NSEAET '.19,6E10.4) 
GO TO 800 

795 ~ ~ 1 ~ ~ 1 5 0 ~ 4 0 0 )  NYR,(ETRIRlNNN),NNN=3,10) 
DO 797 NNU%I .I2 
ETRYR(NNN)-0. 
DO 791 IC=l.17 
ETCPIIC,NNN)=O.O 
TIRCPIIC,NNN)=O.O 

797 CONTINUE 
800 CONTINUE 
925 CONTINUE 
CX URITE(55,UOO) IZIP 
950 CONTINUE 

URITE(58.444) N O S  
444 FORHAT(' NO. MONTHS WITH LESS THAN 10 HISSING DAYS ='.I6//) 
D REWIND ILUZ 
CX 1FISTANO.OE.O)GO TO 970 ~~~. , . -  
C CON04720 
C SUHHARY FOR STATION CON04730 

WRITE(57,953) CON04740 
WRITE 157.2211 NREF,NREO,NCRPST,NDESEF,LATl.LONI.NELEV,NOAA, CON04750 
NREC.NRECS.NRECE.N*HE m l i O l l 7 L O  



FORHAT(1X.IIl 
FORHATIIX.'ELEV CORRECTION = '.F10.7.9 ' .  1 

CALCULATEMEAN, STANDARD DEVIATION AND S K N  

C H E A D I N G  

C FIND CROPS GROWN FOR HEADING AND STATISTICS PRINTOUT 

NPRC(NCTI=IC 
943 CONTINUE 

XRITE(6,9511 NILHE,(NMCRP~NPRClICCl~3-2l,NNCRP(NPRC(ICCl~3-1l, 
6 NNCRP(NPRC~ICCl"3l,ICC=l,NCTl 

951 fORnAT(1H1,40X,13Q,/1,9X,' NO NYRS PREC ETR ',51A2/1 
DO 910 NM = 1.12 

PRECIP CON05130 
CALL STAT(PSUH1(NMl.PSUH2(NN~,PSUH3~NMl.NPRE(NMl,AVEP.STDP,SKEP. CON05140 

6 IPHNTI CON05150 
$ NONZERO MONTHS 
ZERON = NPRE(NUllNMO(NHl~100. 
REFERENCE ETR 
~00~rmO(NN) 
CALL STAT(ESUHI(NMl,ESUHZ(NM~,ESUH3INMl, NMOO,dYEE,STDE,SKEE, 
6 IPRNTI 

IF(NN.LT.3.0R.NM.GT.10) GO TO 910 
CROP STATISTICS 
DO 960 IC=1,17 
AVIR(Icl=o. 
AVET(IC)=O. 
STIR(IC)=O. 
STET(ICI=O. 
SKIR(ICI=O. 

" 
960 CONTINUE 

C 
C WRITE OUT STATISTICS BY HONTH 
C 
C WRITE OUT NTIR(IC,NMI FOR EACH CROP 

WRITE(6,991 NM.NMO(NMl.AVEP,AVEE,(AVET(NPRClICCll.ICC=1.NCTl 
YRITE(6.1991 NM.NMOfNM1.ZERON.ZIP .(AVIR(NPRCIICCI1.ICC=1.NCTI 

910 CONTINUE 
C 
C 
C SEASONAL STATISTICS AND PRINTOUT 
C PRECIP 

CALL STAT(SUMPR1,SUMPRZ,SUHPR3.NSEAET,AVEP.STDP.SKEP, 
6 IPRNTI 

C REFERENCE ETR 
CALL STAT(SUHET1,SUMETZ,SUHETJ,NSEAET.AYEE,STDE.SKEE, 

& IPRNTI 
" 

NNN =NSEAET 
CALL STAT(SUHl.SUH2.SUH3,NNH. 

I AVIR~ICl.STIR(ICl.SKIR(ICl,IPRNTl 
SUM1=SuMCN1(ICI 
SUU2=SUMCNZ(IC) 
SUH3=SUUCN3(ICl 
NNN =NSEAET 
CALL STAT(SUMl,SUHZ,SUM3,NNN, 

5 AVETLICI,STET(ICI.SKET(ICI.IPRNTI 
980 CONTINUE 



WRITE OUT SEASONAL STATISTICS 

FORMAT(' AVE ET '.214.2OF6.2j 
FORHAT(' AYE ET ';214;~6.1,19~6.01 
FORMAT(' AYE IR ',214,20F6.2) 
FORMAT(' AVE IR ',214,F6.1,19F6.0) 
FORWAI(x STDD ET',214,20F6.2) 
FORHATl' STDD ET'.ZI4.F6.1.19F6.01 
FORMIT(' STDD IR' ;214;20~6:2) 
FORHAT( ' STDD IR' ,214 .F6.1,19F6.01 
FORMATI' SKEY ET',214.20F6.21 
FORMAT(' SKEW ET',2IU,F6.2,19F6.21 
FORMAT(' SKEW IR',214,20F6.2) 
FORHAT(' S K N  IR'.214,F6.2,1YF6.21 

WRITE OUT PRECIPITATION AND ETR SUHHARY 
PTOTYO. 
ETOT=O. 
PCROV=O. 

END 

D IREWU=8+400B 
D IFUD=8+30OB 
U IBKR=8*200B 
D NBLOCK 29999 
D ITzZHEA 
C."....'......*~EA~ THE T*pE..,.............'....'.'. 

C +++ POSITION TAPE AT FILE "N" +++ 

D NFI=NTI+l 
D URITE(l,476) NF1,LABF 
D CALL EXEC(ICDE3,IFSlF) 
D GO TO 9999 
D 2 CONTINUE 

C238 FORHAT(;LELK NRPB NBLK NSKIP NLBLK NSKPL'/616) 

C..."*..*.......BACK"p ONE BLOCK......".....'....... 

D IF (NBLKS.GE.0) W TO 1431 
U CALL EXEC (ICDE3,IBKRl 
D GO TO 9999 
01431 IF lNBLKS.LT.01 IBLOCK=IBLOCK-1 
C SKIP BLOCKS TO START 
D IF(NBLKS.LT.11 GO TO 50 
D IF(J.EQ.1) GO TO 50 

C......*...*SKIP BLOCKS TO NEXT STATION'*.'*."*.'..*.8 
D DO 30 Jz1 .NBLKS 
D CALL EKEC(ICDEl.ILUl,IBUFF,ILENI 
D 00 TO 9999 .... 
Dl199 IBLOCK=IBLOCK*l 
D 30 CONTINUE 
D J=NBLK*l 
C..........SKIP RECORDS INTO BLOCK...'.......'......'. 
D 50 IF(NSKIP.LT.11 W TO 60 
U CALL EXEC(ICDE1,ILUl.IBUFF.ILENI 
D 00 TO 9999 
01258 IBLOCK=IBLOCK+l 
D CALL ABREG(IA,IB) 



D CALL EXEC~ICDEl.ILUl,IBUFF,ILEN~ 
D GO TO 9999 
04567 IBLOCK=IBLOCK+I 
0543 CALL AEREU(IA.IB) 
D IL=IB 
D CALL IEOF(ILU1) 
D CALL ABREO(IA,IB) 
D IF(IA.LT.0) GO TO 1111 

C."*.*"****s*'*SEP~~~TE INTO CARD IHACES b STORE IN FOOOl*" 

D CALL ASEB(IT.IBUFF.IL) 

C1006 F O R U A T ( ~ X , ~ ~ A ~ )  
D 545 CALL IEOF(ILU1) 
D C ~ L L  ABREO(IA.IB) 
D IF(IA.LT.01 GO TO 1111 
D 5 CONTINUE 
D RETURN 

~9990 CALL EXEC(6) 
09999 CALL ABREC(IA,IB) 
D WRITE(l.l007)IA,IB 
01001 FoRHAT(lX,,'[[[[[[[[<<<<<<<<<< E R R 0 
D @//lOX,'EXEC ERROR CODE '.2A2) 
D RETURN 
Dill1 WRITE(1,1112) 
Dl112FORHAT(' E N D  O F  F I L E  O N  
D RETURN 

R - - - - - ERROR', 

T A P E  '1 

CON07700 
CON07710 
CON07720 
CON01730 
CON07740 
CON07150 
CON07760 
CON01710 
CONOllOO 
CON01790 
CON01800 

C 
SUBROUTINE BLANP (LAT.HEUIS,MONTH,DAY.P) 

C SUBROUTINE DESCENDED FROM FA0 PROGRAU IN FA024 
DIUENSION PP(11,lZl 
REAL NRATIO, LAT 
INTEGER HONTH.DAY 

I 
8 
9 
A 
B 
C 
If 
LL: 

FACZ=FAC!30.0 
?=PI + PAC2 (P2-P11 
RETURN 
END 

C 
C 
C 
C 

SUBROUTINE AANDB(RHHIN,NRATIO,UDAY,IP,BP) 

C THIS SUBROUTINE IS A DESCENDANT OF PROGRRHHINO IN FA024 ~ 0 ~ 0 8 3 3 0  
DIUENSION C(2,2l,Ul2),BB(6.6.61 CON08340 
REAL NRATIO. LAT CON08350 
INTEGER HONTH.DAI CON08360 

c . . . . . . . * ~ ~ . . . . . . . . ' . . . . ~ . ' . . . . . ~ * ~ ~ I I I  CON08370 
C THIS SECTION INTERPOLATES FOR BLANEY CRIDDLE FLO A AND B COEF. CON08380 
C.........t............*.**......~**. CON08390 

OATL BB! CON08400 





C REFERENCE CROP (J.L.WRIGHT.1981I KIMBERLY USDA-ARS (PREC AND CRP00610 
C MET SOIL SURFACE EVAPORATION EFFECTS &RE INCLUDED. CAP00620 
0 CRP00630 
C BEGIN IN UONTH OF PLANTING 
C END IN MONTH OF HARVEST 
C 
C MARCH TO OCTOBER 

C THIS PROGRAJ COMPUTES AYE CO FOR M Y  CROP A SPECIFIC AREA. 
C UAXIMUH OF 17 CROPS 

C O ~ O N I E E E / C R O P C ~ ( ~ ~ , ~ ~ , ~ ~ ~ ~ A ~ ~ ( ~ ~ ~ ~ ~ ~ ~ ~ N D ( ~ O ~ ~ ~ ~ ~ ~ ~ ~ ~ ( ~ O  
k CISUH1(17.12I,ETSUM1(1T,121, 
h CISW(~~.~~I.ETSUHZ(~~.I~). 
& ~1~~U3(17,12l,ETSUH3(17.12),NTIR(l7.12~, 
& S U H C N ~ ( ~ ~ ) , S U M C N ~ ( ~ ~ I , S U M C N ~ ( ~ ~ I , S U U C N ~ ~ ~ I ,  
& ~ U H I R ~ ( ~ ~ ) , S U H I R ~ ( ~ ~ I , S U M I R ~ ~ ~ ~ I , S I R I I R ~ ~ ~ ) ,  
L E T C P ( ~ ~ . ~ ~ I , T I R C P ( ~ ~ , ~ ~ ~ , N P R C ~ I ~ ~  
DIKENSION uo~TH(8) ,JCUT[UI ,UNUH(81 .IDAP(2,51 ,JIDAY(51 
DIKENSION NSTAT( 171 ,NCRP(171 
DATA MONTH131.30.31,30,31.31,30,31/,JCUT~4~OI, 

HNUUl3,4.5,6,7,8,9,101 
DATA NCRP 1 1,11,2,3,3,10,5,6,7,8,9,4,12,13,14,5,151 

DO 100 KU=1.8 
CKSUU=O.O 
IF(UNUU(~).LT.IDAY~~,~~IGO TO 90 
IF(~L~(KH).GT.IDAP(~,~))GO TO 90 
CALL DAYlUNUM(KHl.l.JDAY) 
JDAYrJDAY-1 
DU 80 K2=1 ,HONTR(KMl 
JDAY=JDAY+l 
CALL CROPC(CK,JPL,JEH,JEC,JW,ICRP.JDAY,NCUT,JCUT,l,MALF~ 
CYSIIY=CYSUH+CI[ 
CONTINUE 
CROPCO(NSS,ICROP,HNUH(RPIll=CKSUUIHONTH(KHl 
CONTINUE 
w TO 20 
CONTINUE 
wRITE(6,550) NsS,((CROPCO(NSS,ICR,KHI,IC~~~,~~I.KM=~,~O~ 
FORMAT(13,17F6.2,/,7~3XX17F6.2111 
CONTINUE 
CONTINUE 

MEAN ALFALFA COEFFICIENTS ARE USED 
UALFz1 

INITIlLIZE CROPCO 
DO 2 ISs1.56 

RETURN 
END 
SUBROUTINE JDATE(IDAY,JIDAY) 

C+'++++++++++++++*+*+*++++++++++++++~+++++++++ 
C.. 
C..THIS SUBROUTINE CHANGES MONTH AND DAY TO JULIAN DAY 
C.. 

DIUSNSION MD(lZl,IDAY(2,5),JIDAY(5) 
DATA ND/31.28,31,30,31,30,31,31.30,31,30,31/  
DO 50 I=1,5 
IF (IDAY(I.II.EQ.O~ w TO 20 

CONVERT ICROP (17 CROPS) INTC ICRP CODE USED IN CROPC SUBROUTINE 

ICRP=NCRP(ICROP) 
C CONVERT MO,DAY TO JULIAN 

CALL JDATElIDAY.JIDAY1 
-. .. .. 

20 CONTINUE 

C CRPOllOO 
SUBROUTINE CROPC(CK,JPL,JM.JEC,JW,ICRPP12,NCUT,JCUT,~B,M&EI CRPOlllO 

C++++++++++++++++~++++++~++++++++++++++++++++++++++++++++++ CRPO1120 
C+++r+++++++++++++++++++++++++++++++++++++++++SUEROUTINE CROPC CRP01130 

- - 

C PERIODS FROM GREENUP TO CUTTING AND CUTTING TO CUTTING CRPO0510 
40 JPL=JIDAY(Il CRPOO520 

NCUT=O CRPOOSIO 

....,,*,..'..........'.................*. a.....*.......... . 
C CRPOllPO 
C DAILY HEAN ET CROP COEFFICIENT FOR NORNAL IRRIGATION CRP012OO 





IF(NC.GT.41 GO TO 390 
C...USE 1ST AND 2ND SET OF COEFFICIENTS TO DESCRIBE ET DURING 
C...GREE)IIIP TO 1ST CUT AND FOR 1ST CUT TO 2ND AND 2ND TO 3RD CUTS 
C FIRST, SECOND AND THIRD CUTTINGS ETC. 

DIFF=AMOD(D1,10.1/10. 
IDI=INT(DI/IO.~*JAD 
JD1:IDl 
IF(IDl.LT.JAD+l~IDl=l+JAD 
CK=G(ID1,Jl+~G~ID1+1,Jl-G~ID1,Jll~DIfF 
IFlJDl.CE.JAC+1) 00 TO 327 

C CALCULATE COEfFICIENT FROM 0 TO 10 5 
IF(JAD.EQ.OI CK=0.55+(G(ID11-0.55).OIFF 
IF~JAD.EQ.10lCK=0.30+~GlID1l-O.30l~DIFF 
COT0 127 . . 

C AFTER LAST CUT USE ACUT4 ARRAY FOR COEFFICIENT 
C 
340 DIFF=MOD~Dl,l0.I/lO. 

ID1=INT(Dl/IO.l 
JDl=IDl 
IF(IDl.LT.11 IDl=l 
CK=ACUT~~ID1l+~ACUT4~ID1+1l-ACUT4~ID1ll~DIFF 

C IF BETWEEN 0 AND 10 5 
IFlJDl.LT.11 CK=O.25+(ACUT4(IDI1-0.251 EDIFF 
GO TO 327 

C 
c MEAN ALF*LFA COEFFICIENTS (CUTTING EFFECTS AVERAGED) 
C DEVELOPED USING URIGHT.81 COEFFICIENTS AND DATES FOR 
C 3 CUTTINGS AT KIUBERLY AND DAILY ETR FROM 1965-78 
C BYR.G.ALLEN 
C JPL AND JHY ARE GREENUP (LAST AYE. DATE OF 24 F OCCURRENCE 
C IN SPRING AND FIRST AYE. DATE OF 24 F OCCURRENCE IN FALL1 
C 
350 LENC=Jll-JPI. 

AND 

C BETWEN 14 AND 831 OF SEBON 
360 IFlIZ.GE.ID2I GO TO 370 

DIFF=~D9-ID1l/~ID2-IDll'100. 
C K = R L F H ~ S ~ + ~ A L F H I ~ I - A L M ~ ~ I ) ~ D I F F / ~ ~ ~ .  
GO TO 327 

PERIOD 

328 RETURN 
END 

C 
c 

SUBROUTINE DAY(H,ID,JDI 
cu++++rr++++++++++r+r+++++++++++++++++*+*+* 
C++++++r+++++++++++*+++++++++++*SUBROUTIE DAY 
cu++*+*r++rrr++*+++++**++*++*++*+++++*++*+*++ 
C.. 
C..THE SUBROUTINE DAY CHANCES MONTH AND DAY TO JULIAN DAY 
C.. 

DIHENSION UD(121 
DATA W/31,28.31,30,31,30,31,31,30,31,30,31/ 
ISUH=O 
DO 5 J=1.12 
IF(H.EQ.JlGOTOl0 
ISUN=ISUH+UD(Jl 

5 CONTINUE 
10 JDsID+ISUM 

RETURN 
END 

C 

SUBROUTINE DATE(JD,H,IDI 
C++*+r++r++r++++*++++r+++++++*+++..+++++*+ 
Ctr++++++++++*++r++++++++SUBROUTINE DATE 
C**+++++++*+*++*+++*+**++*++++++*+*++++ 
C.. 
C..THE SUBROUTINE DATE CHANGES JULIAN DAY TO MONTH AND DAY 
C.. 

DIKENSION UD(121 
DATA H0/31,28,31,30,31,30,31,31.30,31,30,31/ 
1suU=o 
DO 5 H=1,12 
Isun=Isun+m(n) 
IF(JD.LE.ISUHIGOTO1O 

5 CONTINUE 
10 IDmJD-ISUM+HD(Hl 

RETURN 
END 
END$ 



FTN4,Y FA000000 
PROGRW FA024 Fil0000i0 
USE THIS PROGRAI TO OBTAIN WIIIGHT-19ii/FA0-Cc REF.RATIOS..4/20/82FA000020 

R.G.RLLEN UNIVERSITY OF IDAHO KIMBERLY. IDAHO rilnmnw 

THIS COMPUTER PRUGRW WIS DEVELOPED 
mv ". 

S.K.GUPTA. W.O.PRUITT, J.LONCZAK, AND K.X.TANJI 
DEPARTMENT OF LAND, AIR, AND HATER RESOURCES 
WATER SCIENCE AND ENGINEERING SECTION 
UNIVERSITY OF CALIFORNIA, 
DAVIS. CALIFORNIA U.S.A. 

MODIFIED BY 
ROBERT U PENNINGTON 

PLANT.SOIL AND WATER SCIENCE 
UNIVERSITY OF NEVADA-RENO 1977 

RkE CENTER, KIUBERLY, IDAHO 1981 
(EJLU.JENSEN-HAISE, ALPHANUM!iRICS) 
(CORRECTION OF PUB EQUATION) 
(ELEV~TION CORRECTION OF B.c.) 

(CALCULATION OF LONG TERN AND SHORT T E M  ESTIMATES) 
(AND COMPARISION TO WRIGHT82 (REP.RATI0Sli 

. -  ~ 

DIVISION. F.R.O. OF UNITED PiATIOHS, ROME 

FA000210 
FA000220 
FA000230 
FA000240 
FA000250 
FA000260 
FA000270 
FA000280 
FA000290 
FA"""?"" 

IT ESTIMATES REFERENCE CROP EYAPOTRANSPIPATION (ETOi 
BY ANY OR ALL OF THE FOLLOWIkiG METHODS: 

1) BLANEY-CRIDDLFIFIOl ~ 

21 RIDIATION(FA0i 
31 MODIFIED PENHAN(FIO1 UlTP C = 1.0 
41 MODIFIED P E N M A N ( F A O I V I T ~ C R R E C T I O N  
5) PAN EVAPORATION(FA0i 

. .- . .- . ." .. . 
REAL LIT. NICT, NTEL. NTEL1, NTM.2, NHIIIO 
INTEGER RHFLIG, UFLAG 
INTEGER MONTH. DAY, YEAR, UNITN 
DOUBLE PRECISION STA.IEOF 
DOUBLE PRECISION IST~CT(~),ISNDAT(~~ 
REAL NNTBL(11,121. W(5,141. RRANI1l,IZl, RRIS(II,12),M0DAYS(l2i 
UIHENSION SUHET(l8l,ET0(18i,XX~20l,STI~5i 
DIUENSION ETJLWl14,7,31) 
DIMENSION ENSUNI12).ERHMN~12),EUDAY~iZ!,EUDAN~12l,ERSOL~121 
DIMENSION ERHWX(I21.ERHHEI121 
DATl SIGMA / 2.OE-9 / 
DATA ISTACT,ISNDAT/81IACTLDAT4,8IIESTMATED,EIISUNHHS,61ISUNDEC. FA000590 

SHOKTAS,6HTENTHS,6HNODIT8, FA000600 
DATA S,N,ALPHAA.ALPIIAB/1HS.lHN,lliA.lHR / FA000610 
DATA ALPRAC,ILPIIAF,IEOF/lHC,IHF,6H / Fk000620 
DATA HODAYS131. $28. ,31. .30. ,31. .30. ,31. ,31. ,30. ,31. .30. ,31./ FA000630 
DATA XX/ZO*O./ FA000640 
FUNEDfTDEUl= EXP(54.878919-(6790.4985/TDEH)-5.028088ALOGTDEWl FA000650 

C THE AeOVE VALUE OF SICHA IS EQUIVALENT TO USING L=586 CAL/GM UATERFA000660 
C SINCE SIGHA=ll.T1~1OE-8 CAL /CM.CM FA000670 
C- --------...---------------..------------------....---------.--..-.... FAo00680 

THIS PROORAH DOES THE FOLLOWING 
READS IN ALL INPUT DATA 
CONVERTS THE DATA INTO METRIC UNITS 
CALCULATES THE NEEDED MEABS 
ADJUSTS THE WIND KESURRNENTS TO 2 H HEIGHT. 
ESTIMATES THE SOLAR RADIATION IF NOT GIVEN 
CALLS THE SUBROUTINE BY UHICH THE ESTIMATION DESIRED. 

. 
LIST OF INPUT S13180LS FA000110 ...........*.*. *.*...,**,**.*..........*.....*..... FA000780 

ALT = STATION ALTITUDE FA000190 
CASE = A OR B (SEE DETAILS IN CHAPTER 1.11 FA000800 

- REQUIRED ONLY IF PAN EVAPORATION ESTIMATE OF ETO FA000810 
VALUE IS DESIRED FA000820 

DAY = TUO DIGIT REPRESENTATION OF DAY (IE. 081 FA000830 
i 00 IF MONTHLY DATA ARE GIVEN FA000840 
- REQUIRED ON ALL DAILY AND MONTHLY DATA CARDS FA000850 

ED = DAY"S ACTUAL VAPOR PRESSURE IF DATA ARE DAILY FA000860 
i MEAN OF DAILY VP"S IF DATA ARE MONTHLY FA000810 - OPTIONAL BUT SUGGESTED FOR INCREE$ING ACCURACY Fh000880 

EPAN = DAY"S EVAPORATION FROM CLASS 1 PAN FA000890 
= MEAN OF DAILY EVAP"S IF DATB. ARE MONTHLY FA000900 
- REQUIRED ONLY IF PAN EVAPORATION VALUE ARE DESIRED FA000910 

FACTED = FACTOR FOR CONVERTING "ED" VALUES TO MILLIBARS FA000920 
= 1.0 IF ED DATA ARE IN TERMS OF MILLIBARS FA000930 
= 1.33 IF IF ED DATA ARE IN MILLIUETERS OF MERCUR'I FA000940 

= 33.78 IF ED DATA ARE IN INCHES OF MERCURY FA000950 
FACTEP = FACTOR FOR CONVERTING EPAN DATA INTO UWDAY FA000960 

= 1 IF DATA ARE ALRERDY IN Hn/DAY FA000970 
= 25.4 IF DATA ARE IN INIDAY FA000980 

FACTRS = FACTOR FOR CONVERTING AS DATA INTO HHlDAY FA000990 
= 1 IF DATA ARE ALRERDY IN NN/DAY FAOOlOOO 
i 0.017 IF DATA ARE IN CALIDAY (LANGLEYS DAY) FA001010 
= 0.406 IF DATA ARE IN MEGA JOULES/MaH FA001020 

FETCU = LENGTH OF UPWIND GREEN CROP FROM PAN FOR CASE A FA001030 
z UPWIND DRY SURFACE F3R CASE B FA001040 - REQUIRED 0I.i.Y IF PAN EVAPORATION VALUE IS DESIRED FA001050 

FUDAY = FACTOR FOR CONVERTING DAY T I W  WIND DATA FA001060 
i 1. 0 IF UDBY IS IN WSEC PA001070 
= 0.447 IF "DAY IS IN MPH FA001080 
= 0.218 IF UDAY IS IN YN/RR FA001090 
= 0.515 IF UDAY IS IN KNOTS FA001100 

FU24 = FACTOR FOR CONVERTING WIND DATA TO W/DAY. FLOOlllU - 1.0 IF U24 IS ALREADY IN KH/DAY FA001 120 
i 24 IF U24 IS IN W/HR FA001130 
= 38.6 IF U24 IS IN HPH PA001 140 
= 1.609 IF U24 IS IN HILES/DAY FA001150 
44.47 IF 024 IS IN KNOTS FA001160 

HEHIS = HEMISPHERE IN OR Si FA00i110 
LIT = STATION LATITUDE IN DEGREES N OR S (IS ALWAYS POS.1 FA001180 
MONTH = N O  DIGIT REPRESENTATION OF MONTH 1IE. 02) FA001 190 











C""*..."'...................*".c""..."'..............................*c""..."'..............................*.**......**.*~......**........~.... 

125 REWIND 75 .. 
REWIND 52 
WRITE(55,6721 
URITE(56.614 I 

136 IF (I.EQ.11 GO TO 150 
IF (DAY.EQ.01 00 TO 148 
IF(HONTH.EQ.HO1 GO TO 155 

140 DO 141 H=1.18 
141 SUHET(Hl=S~ET(HI/HDkY 

lUEANT=nlEANT/HDAY 
IF(NBLANY.NE.01 CALL BLANY(LAT,HEHIS.II0.15.THEANT.ERHHN(HOI, 

ENSUN~HOl,EUDAY~HOl,ETO~lll 
ETOlll=ETO~1l'ALTCOR 
URITE(6,6201 
WRITE(6,6501 lSUHET(Hl,H=l,9) 
WAITE(6,6621 ISUHET(Hl,H=lS, 181 
WRITE(6,6581 (SUHET(HI,H=lO,I41 
IF(NBLANY.NE.01 YRITE(6.6591 ETO(1) 
WRITE(55,6701 HONT ,ERR,SUHETL15I,ETO(ll ,SUHETI7l,SUHET161, 

& SUHET(16l.SUHET~11),SUMET(181 
URITE(54,6701 HONT , E R R , X X ~ b ~ , X X ( l O l . X X ~ l 3 l  

ii , ~ ( ~ I , X X ( ~ I , ~ ~ I ~ I , ~ ( ~ U ) , X X ~ ~ ~ I  
WRITE(6.6201 

C... ..CALCULATE ETR/ETO REFERENCE COEFFICIENT RELATIVE TO WLW 
148 IF(NWLW.EQ.01 GO TO 145 

REFETzSUHET(11 

RSH =ERSOLIHONTH) 
U24H=43.2s0DAE*(1+1./EUDIINl 
IF (NBLANY.NE.OlCALL BLANY (LAT,HU(IS.HONTH,DAY,IWEMMM 

t RHHN,SUNN,UDAE.ETOllOll 
ETO~1Ol=ETO~lOI*ALTCOR 
IF (NBLANY.NE.OlCALL BLANY l L A T . H E H I S . H O N T H . D A Y , ~ I W ,  

RHnIN,NRATIO,UDAY,ETO(lll 
E T O ~ ~ ~ = E T O ( ~ ~ ~ A L T C ~ R  
IF (KBLILNY.NE.OlCALL BLAN 

x~161.rrrni 

IF (NRADIA.NE.O.AND.WLA0. 
k CALL RADII (11.' 

IF (NRADIA.NE.O.AND.NFLAG~ 
k CALL RmIT (AL 
IF (NJENH.NE.O.A~D.NFLAG.EI 

I (LAT,HVIIS,HONTH,DAY,MEIW, 
.~ ... XX~lOI,ET0~1511 

ET0~15l=ETO~15l'ALTCOR 
IF(NTR21.NE.O) CALL TR2l ~LAT.HMIS,HONTH.DAY,THEIW,ETO16]1 
IF (NRADIA.NE.O.AND.WLAG.EQ.1) 

'1'T,UDAY,U,RS,RHHEAN.TI(EAN,ET0(211 
EQ.11 
I , U D A E , Y , R S , R H ~ ~ , ~ A N , E T O I l l ~ >  
EQ.11 

~ ~ ~ - . ~  ~ 

k CALL JENSH (A~T,TWERN,ESW~,ESWNII, RS.ETO( 81: 
IF(RHFLAO.EQ.Z.OR.NFLAG.EQ.21 W TO 160 
IF (NPENHN.NE.O.OR.NCORPN.NE.OI ~~, 

I CALL PENHN lY,lUEIIN.EA,ED.U24,RS,NRAIIO,ETO~3~,RNl 
ETO(lZl=ETO(?l ~. 
ETO~~II-'*"'~' 
If (NCO 

k CALL C 
RFN.NE.01 ORPN ~UDAY,U24.URATI0.RHNAXXRS,ETO(31,ETO1411 

IF (NCORFN.NE.01 
CALL CORPN ~UDAE,U24.UDAN.RHHXYRSHHETO(121,ET0(1311 
IF (NCORPN.NE.01 

* CALL CORFN (XX~101.U24,XX(171,XX~51,XX~i41,ET0~171,ET0~18!1 
IF INEJLV.NE.01 



6 CALL EJLW lHONTH.DAY,THAX,THIN.TMEAN,TKDEW,E~AN,ED,U2U,RS. FA007200 
k PMB.ETO(I).ET019)) FA007210 
NYYY=YEAR-61 FAOn?770 

WRITEl6.648) H0NTH,DAY,YEAR.lETOlM~,U=l,9) F A O O ~ ~ ~ C  
HDAY r HDAY + 1 F1007?in 
MO = MONTP 

200 CONTINUE 
205 REHIND 15 

. , * ." 
600 FORHAT 15X,"STATICN z *.5A6,//,5X. "ALTITUDE IN HETERS =",F9.1,//, FA001550 

d SX,'LATITIOE IN DEGREES =",!>9.1,//, FA007560 
I SX. *HEMISPHERE = ".A1 .//. Prln0717n , . .  . ~ ~ - .  , - ,  . 
I 5X,"HEIGHT OF HIND NEASURMENT IN METERS =',F9.2.//. FA007580 
I 5X."UEAN PRESSURE FOR THE YEAR IN MILLIBARS im,F9.1) FA001590 

610 FORXAT (5X,'FACTOR FOR CO!4VERTING 24HR WIND TO KN/DAY =",F9.3//, F1001600 
I 5X,"FACTOR FOR CONVERTING DAYTIHE WIiiD TO WSEC =",F9.3// FA007610 
I 5X,"FACTOH FOR CONVERTING ED DATA TO HlLLIBkRS ='.F9.3.// FA007620 
I 5X."FACTOR FOR CONVERTING RS DATA TO W(/Dlr :",F9.3,//, FA007630 
I 5X."FACTOR FOR CONVERTING EPAN DATR TO NWDAI  =",F9.3.//, FA001640 
# 5X."FICTOR FOR CORRECTING BL-CR FOR ALTIIODE =",F9.3,//, FA007650 
I 5X."TEHPERATURE DATA IS GIVEN IN DECREES : ",k1,//, FA001660 
I 5X,'SUNSHINE/CLOUDINESS F M G  =",I5,//. FA007E70 
I 5X,'RELATIVE HUMIDITY DATA i ", An//, FA007680 
I 5X,"UIND DATA z ", A8//, FA007690 
I 5X,"SUNSHINE DATA = ", A8//) FA001100 

620 FORHATI1H ,1301'-"1 ) FA001110 
621 FORMATIIHI, ) FA001720 
624 FORMATI//" ERROR IN RH ",F10.2," =RtlNAX AND RiiMls :",FlO.Z//) FA007730 
625 FORMAT (5X."CLIMATOLOGlCAL DATA AS READ IN WITHOUT CONVERSION"!) FA007740 
630 FORUAT 11H ,"DATE (WD1.I) THAX THIN TIBE*. RHNAX RHXIN", FA007750 

d " ED UDAY U24 ".A6." NRA?IO SOLRID RN"FAO07160 
I " EPAN URATIOm/) FA007'l'fO 

631 FORMhT (lH ,"DATE (MDY) TWAX TWIN WEAN TDEW RHNAX RIMIN", F11001780 
I " RHHEAN EA FT UDAY UZ4 SUNIIRS BRAT10 SOLHIID", FA007190 

632 FORHATI" VALUES OF FETCH ",FE.Z,",CASE ",All 
6311 FORMAT(\H .14,2~"/",121,3X,3F7.1,21F1.0,1X~,3F1.1,F8.2,F9.2,F9.2, 

+ F8.2,~8.2,F10.2) 
635 FORMAT(1H ,13,2("/",I2).1X,4F6.1,3(~6.0.1~),4~6.1,3(F6,2,1~),~6.2 

I ,F8.2,F10.2) 
636 FORNAT(1H , ' A V E . ' , I Z , ' / ' . I Z , ~ X , ~ F ~ . ~ , ~ ( F ~ . O , ~ X ) , ~ F ~ . ~ , ~ I F ~ . ~ , ~ X )  

I ,F6.2.F8.2,F10.2) 
640 FCRHAT(~X,"TABLE CLIMATOLOGICAL DATA FOR ",5A6,3X, "19",12./) 
645 FORHAT(" RESULT OF ET ESTIHATION BY VlRIOUS METHODS FOR MONTH ". 

t 12,".19".12,10X,5A6.I) 
646 FORMAT (1.1H ,130("'"),/) 
648 FORMAT(1R ,2X,12,"/",12."/19",I2,F12.2,8F13.2) 
650 FORMAT(/," MONTH AYE (mm/day)",9lF6.2, 1x1, 
652 FORIIAT( ," MONTH AYE (in/day)",9lF6.2, IX), 1 
653 FORHAT(/." MONTHLY TOT& lln)",9(F6.2, IX), ) 
C654 FORMATI/." DAYSIH; ".F8.3) 
655 FORMAT (1" , ~ ~ X , " F A ~ " . ~ ~ X , " F A ~ " , ~ O X , " F A ~ " , ~ ~ X , " F A ~ " , ~ ~ X , " F A O " ,  

6 9X,"SCS", I ," MONTH/DAY/YEAR',6X,"BLANEY", SX,"RADIATION", 6X, 
t "PENMAN", 5X."CORR. PEN.", 5X,"ETPAN", 8X,"TR21", 
6 5X,"EJLW",3X."JENSEN-HAISE",3X.'ORIG.PEN."/21X."E.C."~ 

656 FORMAT ( " KO = ETOlETR ",4X,9lFl.2,6X)/) 
651 FORUAT I " KR = ETR/ETO ",4X,9(Fl.2,6X)l 
658 FORHATI " day calc 1-t adj".9(F6.2, 7x1, ) 
659 FORHAT( " mon calc 1-t adj",9(F6.2, 7X). 1 
662 FORHATI " day calc  mon adj1,51F6.2, IX), ) 
670 FORHAT(213, 8F9.4 
672 FORMAT(TUON XR ST-FAOBC LT-FAOBC WRIGHT TR21 FACRAD ', 

k , FAOPEN FAOCPEN ' )  
674 FORHATL'HON YR ST-FAOBC LT-FAOBC TR21 FAORAD FAOPEN ', 

C PROORAX END FA008150 
r l . * ~ l ~ . . . . . * . s . . . . . . . ~ ~ E ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ * * a *  FA008160 
300 WRITE(6,621) 

C URITE(I.3938) 
3938 FORHAT( HO DAY 1965 THRU 1918') 
C DO 3939 11=1,1 
c IVSII+~ 
C DO 3539 III=1,31 
C CALL JDAI1IV.III.JJUUL) . . 
C EJAV=O. 
C DO 3581 JIM1=1.14 
c EJN=EJAV+ETJLUIJIW(,II~III)/III. 
C3581 CONTINUE 
C3939 WRITE17.3940)JJUUL ,lETJLWlNIR,II,III),IPIR~1,14).WAV 
3940 FORNATI 15,14F6.2,F10.2) 

END 
C 
C 
C 
C 
C 
C 
C 
C 

SUBROUTINE BLANY IL~T,HWIS,MO~ITH.DAY,R(EAN,RWIN.NRATIO. 



I UDAY,ETI I FA008400 
DIHENSION AA(3.3). BB(6.6.61, C(2.21. D(2), ~ ~ ( 1 1 , 1 2 1  FA008410 
RE& NRATIO. LAT FA008420 
INTEGER MONTH,DAY FA008430 
DATA S/lHS/ FA008440 

C..**.........s*........#~*#~***~.**..***** FA008450 
C THIS SECTION INTERPOLATES "F". FA008460 
r ~ s a . . . . . . . . . . . . . . . . . . ~ ~ ~ ~ ~ ~ ~ ~ ~ . * . . ~ * . S s * * *  F1008470 

"- - - ,  . , 
IF (L2.GT.111 L2=11 
FAC=(LAT-LLl/S.O 
HORTHl=MONTH 
MONTH2=MONTH 
IF (DAY.GT.15 I HONTH2=MODIHONTH.12) + 1 
IF (DAY.LT.15.AND.DAY.NE.OI HONTHl=MOD(MONTH+lO,iZ) 1 
P1=PP(Ll,MONTHll r FAC ' (PP(L2,MONTHll-PP~Ll,MONTHl~~ 
P2=PP(Ll,HONTH21 r FAC . ~PF(L2,HONTH2l-PP(Ll.MONTH2)~ 
IF 1HEMIS.EQ.S) HONTH=UOD(MONTH+5.12) 1 
fAC=DAY - 15 
If 1fAC.LT.O.O) FAC=FAC*30.0 
FACZ=FAC!70.0 

IF (Il.NE.12) FACX=(X-XlI/(X2-X11 
D(lI=C(l,ll + FACY ' (C(1,2l-C(l,lll 
D(2)=Cl2,1) + FACY . (C(2,21-C(2.111 
BP=D(l) + FACX ' (0(21-D(111 
kP=0.004?.X - r - 1.41 
RETURN 
EN0 

C THIS SUBROUTINE CALCULATES AN ET VALUE BY THE RADIATION METHOD ~ ~ 0 0 9 4 9 0  
r......................,..~.*.............*..*.,.*...,,,.,,..........*.. Fl""9500 .- 

A=-0.3 FA009510 
C.. . . . . . . . . . . . . . . . . . . * . * * * . * . . . . * * * a * * * *  ~ ~ 0 0 9 5 2 0  
C INTERPOLATION OF "8 " .  FA009530 
C IN "BB" BELOW, UDAI IS ON THE VERTICAL FROM 0.0 TO 10.0 FA009540 
C AND RHHEAN IS HORIZONTAL FROM 0 TO 100. FA009550 
r . . . . . . . # * . . . . . . . . . . . . . w . . . . . . . . . . . .  FA009560 



Y = RWlEbN 
II=INT(X/2) + 1 
I2 = 11 + 1 
IF (12.GT.6) I2=6 
IF(Il.GT.61 I1 = 6 
Jl=INTiY/201 t 1 
52 = Jl t 1 
IF lJ2.GT.61 J 2 ~ 6  
X1ziIl-11 . 2 
X2 =iI2-11 . 2 
Yl.(Jl-11 . 2C 
Y Z  = iJ2-1) . 20 
B=INT2D (11,12,Jl, 
ET2=A + BnY*RS 
RETURII 
END 



IF (Il.NE.121 FACX=(X-X111(X2-X11 
Cl=F(Il,Jl) + FACX (FII2.J1)-F(Il,Jl)) 
CZ=F(Il,J21 r FACX (F(IZ,J2)-F(Il,J2)1 
IF (Jl.NE.JZ1 FACY=(Y-Yll/~Y2-Yll 
INT2D;Cl + FACY . LC2-C1) 
RETURN 
END 

C FA011510 
SUBROUTINE PENHN (U,IHEAN.EA.ED.U24,RS.NRATIO,ET3,RNl FA011520 
REAL NRATIO FA01 1530 

C'..............................................*..............*. FA011540 
C THIS SUBROUTINE CALCULATES THE UNCORRECTED PENMAN VALE. FA011550 
C ~ . * . . . . . . . . . . . . . . . . . . . . * . S S . . . * . . * . . . t t  FA011560 

UZ=U24 FA011570 
FU=0.27~(1.O+U2/100.01 FA011580 
ET3mWSRN + (1.0-W)*FO.(EA-ED1 
RETURN 
END 

FA011620 
FA011630 
FA011640 
FA011650 
FA011660 
FA01 1610 
FA01 1680 
FA01 1690 
FA011100 
FAOllllO 
FA011120 

C 
SUBROUTINE CORPN ~UDAY,U24,0RAT10,RHH~,RS,ET3,E~C1 
DIHENSION CC1~4,4,31,CC2~4.4,31,CC3~4,4,31,CC4~4,4,31, 
lT1(2,2,2),T2~2,21,T3(21 
REAL NRATIO 

C.........*.............*.................*...*.*...*..*..*..**..*...... 

FA011010 
FA011080 
FA011090 
FA011100 
FAOllllO 

C THIS SUBROUTINE INTERPOLATES THE PENMAN CORRECTIil FACTOR 
C "C". AND CALCULATES THE CORRECTED PENUllN VRLUE. 
C...~...~.....~................1........~~.~..~.~..~..~...~.~,~*.~~~.. . . . . , . , . . 

DATA CC1/.86,.9,1 ., 1...64,.11,.82,.89,.43,.53,.68,.19,.2~,.41,.59,FA011750 
2.10,.96,.98,1.05,1.05,.18,.86,.94,.99,.62,.7..84,.93,.5,.6..15, FA011160 
3.81.1.02,1.06.1.1.1.1,.85,.92,1.01,1.05,.72,.82.95,1.,.62,.12, FA011110 
4.81..96/ FA011180 
DATA CC21.86,.9,1.. 1. ,.69,.16,.85..92,.53,.61,.14. .84,.?~..48,.65,FA011790 
2.16..96,.98.1.05,1.05..83,.91,.99.1.05,.1,.8,.94,1.02,.591.7..84~ FA011800 
3.95.1.02,1.06,1.1,1.1,.89,.98,1.1.1.14..19..92,1.05.1.12,.71..81. FA011810 
4.96,1.061 FA011820 
DATA CC3/.86..9.1..1...16..81..88..94..61..68..81..88..Uf ..56..72.FA011870 

RETURN FA011240 
END FA011250 
REAL FUNCTION INT2D ~Il,I2.Jl.J2,X,Y,X1,X2,Y1,Y2,F,N) FA011260 

C""...............'.............~.**...."...*.**..**..* FA011210 ~".'"".'".'.."..'....*.~*.......~*..~~.~*"...~~*...**.**.*~~**....*.. FA*,,2&0 
DATA CC4/.86..9,1.,1.,.l9,.84,.92,.9l,.688.ll,.8l,.933355,.6555l8,~~~ll8l~ 
2.9,.96,.98,1.05,1.05,.92,1.,1.11,1.19..85,.96,1.11,1.19,.6,.88, FA011880 
31.02,1.14,1.02.1.06.1.1,1.1..99.1.1,1.21,1.32,.94.1.1,1.K.1.33, FA011890 
4.88,1.01,1.16,1.21/ FA011900 

C THIS FUNCTION PERFORHS A TWO DIHENSIONAL INTERPOLATION FA011290 
C ON THE TABLE FED TO IT. Z AND J ARE THE NUUBERED POSITIONS IN FA011300 
C THE TABLE UHICH THE YkLUES TO BE INTERPOLATED FALL BETYEEN. FA011310 
C XI, X2, AND 71. Y2 ARE THE VALUES IN THE THE TABLE AT THE I FA011320 
C AND J POINTS. X AND Y ARE THE COORDINATES OF THE VALUE TO FA011330 
C BE INTERPOLATED. F IS THE IICTUAL TABLE. AND N IS ITS FIRST FA011340 

DIHENSION F1N.N) 
FIICX=O.O 
FACYrO.0 



888 FORHAT(* INCORRECT VALUE FOR L1 *,I3) 
50 T1(1,1,1)=CClllrFACI(~~CP111-CC111) 

T1(1,1.2)~CCI12+FAC4~(CP112-CC112) 
T1(1,2,1)=CC12l+FAC4~~CP121-CCl21) 
Tl(1.2.2)=CC122+FACU*(CP122-CCI77i 

ET3C='LT3*C 
RETURN 
END 

C 

SUBROUTINE TR21 [LAT,HMIS.~NTH.DAYYTHE1W,ET5) 
C ADDED BY R.PENNIN0TON UNIT. NEVADA RENO 
C SCS-MODIFIED BLANY-CRIDDLE FOR ALFALFA HAY 

REAL LAT,KC.KKC,K 
INTEGER HONTH,DAY 
DIMENSION PP~11,121,KC(121 
DATA S/lHS/ 

C THIS SECTION INTERPOLATES "F". 
C*I.........*.....l.....~*.*.*~.**~....**~*.*..~**~*...*....****,***..* 



FTNEAN=(1.8VUEANl + 32.0 FA01j410 
F= (P~FTHEANl/100.0 FA013420 

C**.*............*...*.,.,..............*........**.........*... FA013430 
C THIS SECTION INTERPOLATES "K" FA013440 
C...........................................*...*.....*...*...*.. FA013450 

DATA KC/ 0.63.0.73,0.86.0.99,1.08,1.13, FA013460 
1 1.11,1.06,0.99,0.91.0.78,0.64/ FA013470 
KKC= KC(UONTH1 FA013480 
K= ((0.0173*FTHEANl-0.3141 KKC FA013490 
U = K V  FlOt7500 
ET5 i 0.25.4 
RETURN 
END 

. . . - . > - - 
SUBROUTINE EJLW (UONTH,DAY,MRX,MIN,MERn,TRDEV,MEANNED,U24, FA013590 
6 ASW.PUB,CETR.CETPENI FA013600 

C"'.*..*........................c"'.""l.l..1...........................c"'.""l.l..1................................~~...~**.~*.*.*..............~~",~6," . . . . . -. . 
C THIS SUBROUTINE CALCULATES REFERNCE ET FOR A WELL-WATERED ALFALFA.FA013620 
C CROP WITH A DRY SOIL SURFACE USING A MODIFIED COMBINATION ENERGY *FA013630 
C EQUATION AND PROCEDURES CONTRIBUTED BY DR. JMES L. WRIGHT AND .FA013640 
C DR. HARVIN E. JENSEN. USDI-SEA-AR, SNAKE RIVER CONSERVATION .FA013650 
C RESEARCH CENTER. KIHBERLI, IDAHO. *FA013660 
C *FA013670 
C PROGRMED BY R.G.hLLEN UNIV.IDAH0 KIUBERLY, IDRHO 1981 4FA013680 
C.~"*............................c""".........l.......................*c""".........l........................c""".........l.......................c""".........l.......................'.*.**.*~...*.**..*.*~"*.~*...**~&",~6Q" 

INTEGER DAY 
REAL UON 

, - - * . . 
C.......... SATURATION VAPOR PRESSURE IWFF-ORATCHI 

C. ......... DELTI (SLOPE OF E VS TI (WFF-GRATCHI 
SLOPE(TI,Z,BZ.VI= 
2(~7.90298~B2gT1~~(-211-2.1836675/T1+15.67287~10.~~(-7.+11.344~ 
I(l-T1/B2Il~Z/B2+ 
%28.39559~10.~~(-31~10.~~(-3.49149~1~/T1-111~Z~82~T1~~(-211~V~Z 

C.....J.L.YRIGHT'S POLYNOUIkL TO CALCULATE VAPOR PRESSURE 
EVJLY(Xl=l.522+7.1E-02*X+1.431E-03~X~~2+2.219E-05~X~'3+ 
I 6.916E-08*X**4+1.343E-O9*X*+5 

c.. . . .SATURATED VAPOR PRESSURE USING GOFF-GRATCH 
T100=373.16 
IF(TKDEW.LT.220.1 GO TO 1 
X=TlOO/TKDEU 
EDEW=EVAPlX) 

EDEUJ=EVJLW((TKDEW-273.1*1.8+32.1 
IF(TKDEU.LT.22O.l EDEUJsED 

C USE JLWVS VAPOR CALCULATIONS 
EAVE=EAVJ ~~014360 
EDEU=EDEUJ FA014370 

C.....LATENT HEAT OF VAPORIZATION CALlGRAU (URUNT.1952 MU.7.18,ISCEI FA014380 
HEATLTz595.-0.51.TUEA8 FA014390 







Example o f  Appendix E (on f i l e  w i t h  t h e  Idaho Department o f  Water Resources) f o r  Twin F a l l s  WSO 

Est.  CU and ClR. Twin F a l l s  WSO 1.41 l e n  8 Brockway.19831 mrn/day a n d  rnm/season 

YO NYRS PREC ETR ALFH. ALFS. BEAhS F.CRN SILGE S.CRN PEAS POTAT SBEET SGRAN WGRAN PAST. ORMD VEGES ONION 
AVE ET 3 16 .99 1.95 
AYE I 2  3 16100.00 .89 .41 
STDD ET 3 16 .6C .35 
STDD IR 3 16100.00 .16 .28 
S K E V i l  3 16 2 4  .15 
SKEW IR 3 16100.00 .15 -.76 . . . 

AYE ET 4 16  .93 4.18 2.60 2.95 1.26 1.25 1.25 1.28 3.82 2.61 1.71 
AVE 1R 4 16100.00 7.05 2.38 .82 .88 .76 .85 3.77 2.08 1 .21 1 .25 .88 
STDDET 4 16  .6G .43 .27 .30 .13 3 .13 .13 .40 .77 .18 
STDD IK 4 16100.00 .54 .58 .39 .34 .42 .38 .64 .53 .45 .13 .34 
SKEWET 4 16  .54 -.04 -.04 -.04 -.04 -.04 -.04 -.04 -.04 -.04 -.04 
SKEW IR 4 16100.00 .C4 .05 -.08 -.04 -.I0 -.07 .08 .04 -.03 -.04 -.04 

AVE ET 5 17 .96 6.23 5.78 5.61 1.87 1.87 1.87 1.87 3.54 2.01 1.88 4.39 6.23 4.80 3.67 1.90 2.48 
AYE IR 5 17100.00 5.10 4.94 1.42 1.36 1.36 1.36 3.02 1.62 1.36 3.85 5.58 4.19 3.10 1 5 1  2.07 
STDD ET 5 17 .71 .42 .39 .37 .17 .12 .12 .12 .24 .13 . I 3  .29 .47 .32 .24 :13 .17 
STDO iR s 17100.00 .81 .80 .43 .47 .47 .47 .57 .40 .48 .63 .82 .71 .61 .39 .43 
SKEWET 5 17 1.13 -.O5 -.95 -.05 -.05 -.05 -.05 -.05 -.06 -.05 -.05 -.05 -.05 -.05 -.05 -.05 -.06 
SKEW iR 5 171C0.0q -.5$ -.55 -.73 -.75 -.75 -.75 -.62 -.69 -.75 -.56 -.51 -.57 -.63 -.70 -.65 

AYE ET 6 17 1.00 7.49 6.55 6.51 3.73 3.26 3.76 3.26 6.08 5.14 3.71 7.46 7.49 5.77 6.03 3.92 4.45 
AYE IR 6 17100.?0 5.78 5.74 2.74 7.67 2.67 2.67 5.42 4.62 3.08 6.76 6.73 5.07 5.32 3.44 3.96 
STDDET 6 17 3 .36 .32 .32 .16 .16 .16 .16 .3O .25 .18 .36 .36 .28 .29 .19 .72 
STDD ! R  6 17100.00 .!6 .76 .49 .53 3 3  .53 .67 3 4  .57 .75 .79 .69 ,71 .47 .50 
SKEW ET 6 17 .72 .64 .a5 .63 .64 .64 .64 .64 .63 .64 .63 .64 .64 .63 .63 .64 .65 
SKEW IR 6 17100.00 -.54 -.54 -.61 -.62 -.62 -.62 -.53 -.51 -.61 -.46 -.50 -.55 -.55 -.57 -.54 

AVEET 7 17 .36 8.10 6.62 5.42 7.31 7.2? 7.29 7.20 2.84 6.81 7.85 6.99 6.46 6.24 6.89 6.24 6.07 
A V E I R  ! 1 7 e 8 . 2 4  6.40 5.72 7.11 7.07 7.07 6.98 2.69 6.64 7.62 6.79 6.25 6.04 6.67 6.C8 5.97 
STDD ET i 17 .36 .24 .20 . I 6  .22 .22 .22 .71 .08 .20 .73 .21 .19 .19 .20 .19 .18 
ST40 1 %  7 1 7 8 8 . 2 4  .35 .31 .34 .36 .36 .36 .22 .30 .38 .33 .33 .33 .35 .28 .27 
SKEW ET 7 17 1.72 .60 .58 .56 .59 .58 .58 .60 .60 .53 .60 .56 .57 .50 .56 .58 .58 
SKEW IR 7 17 88.24 -1.36 -1.52 -1.10 -1.27 -1.27 -1.23 -1.81 -.93 -1.71 -1.13 -1.31 -1.37 -1.30 -.99 -1.03 

AVEET 8 17 .62 6.82 5.17 7.93 3.96 6.29 6.29 5.99 
AYE i K  8 17 94.17 

5.29 6.67 1.52 1.25 5.25 5.80 5.42 5.46 
4.79 2.61 3.66 5.90 5.90 5.61 5.01 6.27 1.26 .98 4.89 5.42 5.14 5.17 

STDD ET 8 17 .90 .36 .28 . I 6  .21 .34 .34 .32 
STOD ! ?  3 17 94.12 2 8  .36 .08 .07 .28 .31 .29 .29 

.77 .61 .61 .83 .83 .81 .64 .88 .45 .47 .76 .80 .65 .65 
SKEVET 8 17 2.07 .04 .04 .04 .04 .04 .04 .04 .05 .04 .05 .05 .04 .03 .04 .04 
SKEW 14 8 17 94.12 -1 .71 -1 .86 -1 .73 -1 .67 -1 .67 -1 .64 -1.55 -1.61 -1.94 -1.96 -1.68 -1.65 -1.53 -1.53 
AVEET 9 17 .68 5.21 3.52 1.48 3.90 3.90 3.05 4.47 4.01 4.37 3.55 4.14 
AYE 16 4 17 94.12 3.11 1.13 3.50 3.50 
S i U 7 E T  ii 17 .58 .47 .32 .13 .35 .35 2.76 .28 4.05 .41 3.61 3.96 3.25 3.83 
STDD IS  9 17 94.12 .56 .39 .59 .59 

.36 .40 .37 .38 
.44 .64 

Sl<EV: ET 9 17 1.73 .12 .11 . I t  .60 .63 .49 .54 
.ll . I 1  

SKEW 1% 9 17 94.12 .11 .12 
-.36 -.a1 -.29 -.79 -.25 -.24 -.28 .ll -.24 . I 1  - . I9  . I 1  -.13 .11 

AVE ET . 10  17 .71 3.34 1.20 .44 
AVE IR 10  17 94.12 

.93 2.15 

.60 
2.57 7.20 

.85 .ll 
STDD ET 10  17 .64 .34 .17 .05 1.79 .09 

2.20 1.85 
STDD IR 10  17 94.12 .38 .34 .35 

.22 .26 .23 
SKEW ET 10  17 1.78 .12 . I 2  .17 .45 .48 .45 
SKEW I R  10  17 94.17 .13 .12 .17 .13 

-237 -1.30 -1 .CO -.39 - 2  -.35 

AYE ET SE 16 152.3 1324. 961. 775. 507. 722. 693. 566. 419. 721. 857. 663. 800. 955. 937. 645. 730. 
AYE IR SE 16 0.0 0. 861. 679. 463. 649. 632. 516. 366. 661. 766. 601. 713. 860. 844. 597. 670. 
S T D D E T S E 1 6 4 8 . 4  32. 74. 20. 11. 19. 20. 3 11. 17. 20. 14. 20. 23. 22. 18. 20. 
STDOIR SE 16 0.0 0. 56. 52. 25. 39. 40. 31. 35 37. 47. 37. 50. 53 51. 3 3  39. 
SKEW ET SE 16 - . I0  .19 .25 .29 -.26 .70 .54 -.03 . 0 j  .29 .77 -.25 -.07 .2? .43 . 4 j  .46 
SKEW IR SE 16 .75 .67 .27 .72 .50 -.02 .14 .74 .74 .76 .49 .65 .75 .57 .73 




